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INTRODUCTION 
Since selection in dairy herds is usually for the genetic improve­
ment of milk production, it is important to know how much we are gaining 
economically from that improvement. The value of a dairy cow depends not 
only on the amount of milk she produces but on a number of other traits 
which can influence the cost of production. Among these traits are 
resistance to diseases, rate of milking, and udder characteristics. 
Generally, it is desirable for cows to produce high yields of milk, milk 
fast, have udders that are shaped and attached so as to be easily milked, 
and resist diseases. 
Rate of milk removal and time required to milk are of economic im­
portance because of the labor required per unit of milk yield. Increasing 
requirements for high lactation yields place added stress on udders and 
udder attachments which causes low udders. Low and pendulous udders are 
more subject to injury and prone to attacks of clinical mastitis. The 
importance of teat sphincter as a barrier to udder infection also has been 
stressed. A higher incidence of mastitis has been found among fast milking 
cows and among cows with higher peak flow. 
The objectives of this study are: 
1. To investigate the correlated response in milk flow, udder and 
teat measurements to selection for milk yield; 
2. To find the heritability and repeatability estimates of milk 
flow, udder and teat measurements. 
3. To examine the relationships among udder and teat measurements, 
milk flow, udder health, and lactation milk yield. 
2 
4. To investigate the relationships of teat-end shape classifica­
tion with udder health, lactation yield, and milk flow. 
V 
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REVIEW OF LITERATURE 
Milk Flow 
Economics 
As dairying continues to move toward larger mechanized operations, 
the importance of milking rate is being brought into focus. Labor of 
milk harvest may account for over 50% of routine operational requirements 
on a dairy farm (Albright, 1964). Most bull studs rate sire progeny 
groups according to milking speed to suggest relative ranking of labor 
and machine costs of milk harvest. Several workers have suggested the 
economic importance of milking speed in determining dairy profits 
(Colleau et al., 1971; Dodd, 1953; Johansson, 1961; Lamb, 1970; Politiek, 
1968; Smith et al., 1974; and Wagner, 1974). 
Andrus and McGilliard (1975) found the standard partial regression 
coefficient of profit per year of life on milking time to be .03. Schmidt 
and VanVleck (1969) suggested that with increased competition for labor 
in the dairy industry, more emphasis is being placed on increasing the 
efficiency of milking operation. One measure of milking efficiency is the 
number of cows milked per man-hour. This is, in turn, influenced by the 
milking rate of the cow. 
Conversely, Lanser (1981) stated that although the milkability of 
individual cows greatly affects labor productivity in milking and can be 
improved by breeding, milkability tests are expensive and other traits 
(milk, fat and protein yields, carcass quality, fertility, longetivity, 
etc.) are of greater economic importance. He concluded that breeders 
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should concentrate on the economically important traits and leave it to 
the farmers themselves to cull slow-milking heifers. 
Measurements of milk flow 
Milking rates were determined first by Foot (1935). He used a 
spring balance read at prescribed intervals with the aid of a stopwatch. 
Pounds of milk were plotted against time, and the steepest curve indicated 
the maximum flow in pounds per minute. This method was used for a 
number of years. 
The rate of milk flow is usually measured by either the average 
rate or the maximum rate of flow. The average rate is obtained by 
dividing the total yield per milking by the total milking time. Average 
rate of flow can also be calculated by dividing the total yield before 
stripping by the total milking time before stripping. The latter measure­
ment is probably more valid because it excludes variations caused by 
differences in maching stripping. 
The maximum rate of flow is the highest yield obtained during any 
minute of the milking operation. Alternate measurements that have been 
used are the pounds of milk produced in either the first minute or the 
first two minutes of milking. No best measure has been available to re­
searchers to test the importance of milking rate. The maximum rate of 
flow has been reported to give the best index of the inherited potential 
milking rate of a cow and has been suggested as an adequate indicator of 
milking rate by many researchers (Dodd, 1953; Schmidt and VanVleck, 1969; 
Touchberry and Markos, 1970; Rothschild et al., 1980). 
Beck et al. (1951b) indicated that time required to milk any cow 
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depends primarily on maximum rate of flow, when maximum rate of flow 
starts, and how long maximum flow is sustained. The interrelationship 
of these three factors to the total machine time was shown by the highly 
significant multiple correlation coefficient of .936. 
Milking time has been suggested by many as a measurement of milking 
rate. Progeny testing dairy bulls, on the milking ability of their 
daughters, for total milking time adjusted for milk yield and herd 
average milking time was recommended by Colleau et al. (1971) . Smith 
et al. (1974) concluded that peak rate is a more biological significant 
measure while total milking time may be more useful for economic ap­
praisals . 
The number of cows that could be milked per hour in a given installa­
tion depends on the rate at which milk can be removed from the udders of 
the cows and the milk yield of the cows (Clough and Dodd, 1959). Wagner 
(1974) found that milking speed was ranked as the most important manage­
ment trait by A.I. sire analysts concerned with such traits. Average 
rate of flow measured 4.5 + 1 months after calving was suggested by 
Venge (1961) as the most reliable measurement of milking ability. 
As a simple objective measurement of the time required to milk a 
cow, the percent of milk yield obtained during the first two minutes of 
milking has been suggested by Beck et al. (1951b) , having a simple cor­
relation of .922 with machine time. Okubo (1980) suggested milk yields 
in the first two and three minutes, and these relative milk yields ex­
pressed as a percent of total milk yield to be suitable as milkability 
index. Percent milk in two minutes was also suggested by Tomaszewski 
et al. (1975) as an adequate field measure of milking rate. 
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Milking rate measurements are quite highly correlated with each 
other. Yield in the second minute of milking was regarded as a reliable, 
inexpensive, simple predictor of maximum milking rate (Griffin and Dodd, 
1962). Lamb (1970) found that peak milk flow occurred 68 percent of the 
time in the second minute, 23 percent of the time in the first minute, 
and only 9 percent of the time as late as the third minute. They indicated 
that measuring milk flow during the first two minutes of milking gives 
the best indication of maximum flow rate. Okubo (1980) found that maximum 
milk flow rate, milk yield in the first two and three minutes were nega­
tively correlated to milking time when those indices were adjusted for 
milking yield. 
A strong correlation between the highest and the average milk rates 
by minute was recorded by Politiek (1961). Milking time which depends, 
of course, on milk yield (r = .37) is affected still more by the highest 
and the average milk rates per minute (r = -.60, r = -.66). Latinovic 
and Panic (1981) used 65 Yugoslav Pied (YP) and 105 Red-and-White Holstein 
X YP cows in their first lactation. Milking time was significantly cor­
related with percentage milk yield in 3 minutes in the two types (-.80 
and -.91), the maximum 1-min milk yield (-.47 and -.56), and the average 
1-min milk yield (-.52 and -.58). 
Yield during the first minute, and yield during the first two minutes 
of milking were highly correlated with maximum rate of milk flow (Schmidt 
and VanVleck (1969). From milk flow curves on 115 cows, Smith and 
Stewart (1964) obtained correlations of .81 and .92 between maximum milk 
flow and (i) the mean flow rate, (ii) the yield during the second minute 
of milking, respectively. Tomaszewski et al. (1975) found that the 
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percent of milk yielded in the first 2 minutes of machine milking had high 
phenotypic (.90) and genetic (1.0) correlations with peak flow. Percent 
2-min milk was as repeatable within lactations and as heritable as peak 
flow. These four properties plus the ease with which percent of the milk 
obtained in 2 minutes indicated that percent of the milk in 2 minutes 
was an adequate field measure of milking rate. 
Heritabilities 
Research has shown that rate of milking is appreciably inherited. 
Differences exist in milking rate measurements among daughters of different 
bulls. Dodd and Foot (1953) found significant correlation between milking 
rates of 40 pairs of dams and daughters and of 35 half sibs. This study 
of one herd demonstrated that the sire had a great deal of influence on 
the milking rates of daughters. Statistically, significant differences 
in the speed of milk withdrawal between daughters of sir%s within a 
breed was reported by Beck et al. (1951a). 
Estimates of heritability obtained by Markos and Touchberry (1970) 
was .54+ .12 and .50 + .12 for maximum rate of flow and initial rate of 
flow, respectively, from the adjusted data for the effects of yield of 
milk per milking. Estimates of heritability of milking time ranged from 
.22 + .13 to .27 + .14. 
Miller et al. (1976) found heritabilities for milking rate measure­
ments as follows: peak rate, .47 + .11; average rate, .37 + .12; milk 
yield to .45 kg/min, .19 + .12; total time, .17 + .12; duration of peak 
rate, .10 + .10; strip time, .08 + .15; yield during peak rate, .07 + .11; 
and strip yield, .01 + .17. They also found a genetic correlation of 
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.69 + .08 between peak rate and lactation milk yield, indicating substan­
tial genetic improvement in milking rate by selecting for milk production. 
Heritability estimates of 2-mln yield and 2-min yield adjusted for linear 
and quadratic effects of the total milking yield were found to be .17 
and .27, respectively, by Moore et al. (1981). These estimates were 
found to be in agreement with Sharaby et al. (1979) of .25 and .24, 
respectively. 
Adjusting milking rate variables for linear and quadratic effects of 
lactation number and milk yield for the day of measurement, Tomaszewski 
and Legates (1972) found that estimates of heritability from 328 daughter-
dam pairs ranged from .17 to .39 for rate measurements. Genetic cor­
relations among rate measurements were near unity. Venge (1961) re­
ported that during the period of 4.5 + 1 month after calving, differences 
between progeny groups were most pronounced and gave a heritability of 
.40. Estimates of heritability of milking rate and milking time measure­
ments obtained by others are in Table 1. 
Estimates of heritability for measurements of milk flow from litera­
ture indicate that substantial genetic improvement of these traits can 
be gained by selection. 
Repeatabilities 
Measurements of milk flow were reported to be highly repeatable. 
Beck et al. (1951a) found very high repeatabilities (.80-.90) for peak 
flow, average rate of flow, and machine time, not only from one day to the 
next but also from week to week and between consecutive lactations. 
Brumby (1956) used thirteen sets of identical twins at similar stages of 
Table 1. Heritability estimates of milking rate and milking time measurements from the literature 
Trait Estimate Method Reference 
Maximum rate 
Average rate 
Initial rate 
.72 Monozygous twins Brumby (1956) 
.86 Dizygous twins Brumby (1956) 
.07a Daughter-dam reg. Castle and Henderson (1971) 
.85 Monozygous twins Donald (1960) 
.35 Daughter-dam reg. Johansson and Malven (1961) 
.54 Daughter-dam reg. Markos and Touchberry (1970) 
.47 Daughter-dam reg. Miller et al. (1976) 
.65 Paternal half-sibs Politiek (1961) 
.38 Daughter-dam reg. Tomaszewskl et al. (1975) 
.20-.27 Paternal half-sibs Alps et al. (1981) 
.59 Monozygous twins Brumby (1956) 
.67 Dizygous twins Brumby (1956) 
.03* Daughter-dam reg. Castle and Henderson (1971) 
.42 Daughter-dam reg. Kabanov (1981) 
.12 Paternal half-sibs Lamb (1970) 
.37 Daughter-dam reg. Miller et al. (1976) 
.86 Daughter-dam reg. Getting (1969) 
.64 Paternal half-sibs Politiek (1961) 
.32 Daughter-dam reg. Tomaszewskl et al. (1975) 
.67 Not available (Abstr.) Vintila et al. (1980) 
.25 Paternal half-sibs Lamb (1970) 
.50 Daughter-dam reg. Markos and Touchberry (1970) 
.30 Daughter-dam reg. Tomaszewskl et al, (1975) 
vo 
^Estimates of heritability were very low but they had large errors attached to them. 
Table 1. Continued 
Trait Estimate Method Reference 
Yield 2-min .25. 
.24b 
.30 
Daughter-dam reg. 
Daughter-dam reg. 
Daughter-dam reg. 
Sharaby et al. (1979) 
Sharaby et al. (1979) 
Tomaszewski et al. (1975) 
Percent 2-min milk .25 
.24b 
.40 
Daughter-dam reg. 
Daughter-dam reg. 
Daughter-dam reg. 
Sharaby et al. (1979) 
Sharaby et al. (1979) 
Tomaszewski et al. (1975) 
Milking time .18-.27 
.32 
.22-.27 
.17 
.18 
Paternal half-sibs 
Daughter-dam reg. 
Daughter-dam reg. 
Daughter-dam reg. 
Paternal half-sibs 
Alps et al. (1981) 
Castle and Henderson (1971) 
Markos and Touchberry (1970) 
Miller et al. (1976) 
Wolf and Gravert (1973) 
''Adjusted for milking yield. 
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lactation subjected to uniform milking procedures at morning milkings. 
Six recordings of average and maximum flow rates were made over a two-
month period of peak production. The repeatability was a ratio of the 
variance among random single records. Repeatability was 90.4 percent 
for maximum rate and 80.7 percent for average rate. 
Dodd (1953) found that the maximum flow gave the smallest coeffi­
cient of variation. The average rate of flow was 4.3 for the first 
lactation and 4.7 for the second, while the maximum rate remained the 
same for both lactations. The coefficients of variation between cows 
were 30 to 40 percent and within cows 8 to 11 percent. Estimates of 
repeatability for measurements of milking rate and milking time from 
the literature are in Table 2. 
Adjustment factors 
Measurements of milking rate and milking time are closely related 
to milking yield (Frtus and Jarabek, 1981; Hornansky and Pekarik, 1980; 
Johansson, 1961; McDaniel et al., 1962; Ruzevskii and Kipibida, 1965; 
Swaid, 1981; Vsyakikh et al., 1982; Wolf and Gravert, 1973). Latinovic 
and Panic (1981) found that milk yield per milking, in Yugoslav Pied 
(YP) and Red-and-White Holstein x YP, was significantly correlated 
with milking time (.37 and .44), the percentage milk yield in 3 min 
(-.38 and -.44), the maximum 1-min milk yield (.36 and .21) and the 
average 1-min milk yield (.43 and .26). 
Many researchers have suggested correcting for milking yield when 
comparing measurements of milking rate and milking time in different 
cows (Dodd, 1953; Markos and Touchberry, 1970; Sandvik, 1957a; 
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Table 2. Repeatability estimates of milking rate and milking time 
measurements from the literature 
Trait Estimate Reference 
Maximum rate .94 Beck et al. (1951a) 
.96 Beck et al. (1951b) 
.92 Brumby (1956) 
.31 Colleau et al. (1971) 
.80-.90 Donald (1960) 
.68-.82 Johansson (1961) 
.83 Politiek (1968) 
.78 Tomaszewski et al. (1975) 
Average rate .90 Beck et al. (1951a) 
.88 Beck et al. (1951b) 
.85 Brumby (1956) 
.61-.80 Johansson (1961) 
.67 Kawanishi et al. (1982) 
.62 Tomaszewski et al. (1975) 
Initial rate .70 Tomaszewski et al. (1975) 
Yield 2-min .87 Getting (1969) 
.75 Tomaszewski et al. (1975) 
Percent 2-min milk .93 Beck et al. (1951b) 
.77 Tomaszewski et al. (1975) 
Milking time .50-.87 Johansson (1961) 
.61 Kawanishi et al. (1982) 
Sharaby et al., 1979). Others have corrected these measurements for the 
stage of lactation (Tomaszewski and Legates, 1972). Both milking yield 
and the stage of lactation effects were eliminated in comparing milk 
flow in different cows by Brumby (1961), Chyr (1973), and Touchberry 
and Markos (1970). 
Smith et al. (1974) agreed that stage of lactation has an effect 
on maximum flow rate Independent of milk yield that is statistically 
significant (p < .01), but found that effect to work in the opposite 
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direction. They suggested that the tendency for flow rate to increase 
steadily through lactation could be a result of the gradual relaxation 
of teat sphincter muscles as these were subjected to twice-a-day 
stretching during milking. 
Peak and average rates were found to decline through lactation 
(Baxter et al., 1950; Dodd, 1953; Schmidt and VanVleck, 1969). Dodd 
(1953) found the decline being greater for fast milking cows. He ex­
plained lactation decline in milking rate to be related independently 
to change in milk yield and to interval since calving. Rothschild et al. 
(1980) reported that stage of lactation was important for measures of 
yield and rate of milk flow. Yield and rates both declined through 
lactation. 
Age 
The effect of age on milking rate was studied by Dodd (1953). He 
found that with increase in age, there is a gradual increase both in 
yield and milking rate. He found that the effect of age on peak flow 
and machine rate, independent of change in yield, was not significant. 
This means that the changes in milking rate that take place with advance 
in age are a reflection of the changes in yield that occur. Maximum 
rate of flow was 10 to 16 percent higher in the second lactation than 
in the first as reported by Donald (1960). The range extended from 
less than two pounds to over seven pounds per minute. 
Peak flow increases with increasing age of the cow but not enough 
to compensate for the increase in yield, and, therefore, milking time 
increases with age (Johansson, 1961). He also found that in older cows. 
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the udder evacuation is somewhat delayed during the last part of the 
milking, and the stripping yield increases as compared to the young 
cows. Kamieniecki (1982b) found that milking yield and milking time 
were greatest in lactation 4-7 and least in lactation 1-2 (p < .01) 
when percentage yield in 3 min was greatest in first lactation 
(p < .01). 
MLlk flow rate declined significantly as cows got older (Rathore, 
1976). Rothschild et al. (1980) found that effects of lactations were 
significant for measures of milk yield and rate of milk flow. Schmidt 
and VanVleck (1969) reported age at calving to have a slight effect on 
yield during the first minute of milking. 
In 336, 110, and 424 Kostroma cows in 1st, 2nd, and > 3rd lacta­
tions, Solon'ko and Kahanov (1982) found that milking rate averaged 
2.58, 2.71, and 2.82 Ib/min. Swaid (1981) reported that milking rate 
ranged from 2.22 to 2.50 Ib/min for 85 crossbred cows of four genetic 
groups, and increased significantly as lactation number increased from 
1 to 4. 
Quarter milk flow 
Several investigators have measured the rate for each quarter 
separately, but in most cases, the total flow from all four quarters 
has been registered. Rate of milk flow is somewhat higher for the rear 
than the front quarters, as could be expected because of the higher milk 
yield (Matthews et al., 1941) . Using four groups of Russian Black Pied cows with 
milk yield from the fore quarters of the udder <10, 10.1-15, 15.1-20, 
and 20.1-25 percent lower than that for the rear quarters, Orlov (1981) 
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found the difference in milking time of fore and rear quarters to be 
80, 85, 110, and 124 seconds, respectively; milking rate 3.35, 3.33, 
3.31, and 3.15 Ib/min; and milking time 4.25 min, 4.45 min, 4.95 min, 
and 5 min. 
No significant differences for milk flow between front and rear 
teats was found by Reitsma and Scott (1978). Rothschild et al. (1980) 
reported that front quarters differed from rear for traits of yield and 
rate of milk flow. Rear quarters produced 1.72 more milk at .26 lb/min 
faster maximum rate than front quarters. They also found that sides 
differed in maximum rate, yield during maximum rate, and average rate. 
Quarters on the left side had a maximum rate of .04 Ib/min more than 
quarters on the right side and yielded .22 lb more during the period of 
maximum rate. 
ML Ik flow and udder charac teri s tics 
Size and shape of the udder and teats has been reported to be one 
of the factors affecting the rate of milk flow. White and Vinson (1975) 
found correlations between measurements of udder (distances between fore 
teats, rear teats, left side, right side, diagonally left front to right 
rear, and area bounded by four teats) and rates of milk flow were 
positive but were moderate to small. They concluded that usefulness 
of udder measurements in predicting rate of milk flow would be limited. 
Similar results were reported by Tomaszewski and Legates (1972). 
Negative correlations between teat length and rate of milk flow 
were reported by many (Blake and McDaniel, 1979; Donald, 1960; Johansson 
and Malven, 1961; Moore et al., 1981; Pogodaev, 1982; Sandvik, 1957b; 
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Stallcup et al., 1963). Conversely, Ovesen (1972) found that the 
calculated regression coefficients for Red Danish, Black-and-White Danish, 
and Jersey breeds indicated that an increase in teat length of 1 cm was 
associated with an increase in average rate of milk flow of .13 to .46 
Ib/min, and in milking time of .08 to .42 min. Swaid (1981) found a 
positive correlation of .283 between milking rate and teat length. 
Teat diameter and milking rate were found to be positively cor­
related (Pogodaev, 1982). Blake and IkDaniel (1979) reported that teat 
diameter and volume was associated negatively (p < .05) with milk flow 
rates of Holstein. However, the rate of milking (percent of milk pro­
duced in the first three minutes) was reported not to be related to the 
diameter or shape of the teat by Hickman (1964). Johansson and Malven 
(1961) found that the partial correlation between peak flow and teat 
diameter, with szze of teat orifice held constant, was negative and 
significant. The correlation, although not significant, between maximum 
rate of milk flow and length or width of teat in the data used by 
Naude and Smith (1964) called attention to the importance of uniformity 
of teats in relation to hand and machine milkability. Stallcup et al. 
(1963) calculated a negative correlation of low magnitude between teat 
width and maximum rate of milk flow per 15 sec. 
The most important physiological factor that determines the rate 
of milking is the size of the teat opening, which is controlled by the 
tautness of the sphincter muscle surrounding the opening. Investigations 
on ease of milking with milking machines showed that the milkability 
depends mainly on the measures of teat canals (^ndreae, 1961). In the 
eight quarters studied, Baxter et al. (1950) found that the use of a 
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cannula giving a constant bore for passage of milk resulted in very 
similar maximum rates of milking, although the same quarters when milked 
by teat cup had shown substantial differences in maximum rate of milking. 
Johansson (1961) considered the size of the teat orifice as the most 
important cause of variations in the rate of milking between cows in 
the first part of lactation and at the same level of yield. He sug­
gested that measurements of the width of the teat canal and the tonus 
of the sphincter muscle, taken with a suitable instrument, may provide 
an even better basis of selection for milking qualities than the actual 
rate of milk flow. Data used by Stallcup et al. (1963) showed a definite 
relationship between maximum rate per 15 sec and size and shape of teat 
orifice. 
Sandvik (1957b) reported that no significant regression coefficient 
was found between the distance from teat point to the floor and peak 
flow. Later, Moore et al. (1981) found udder height to be significantly 
correlated with 2-min yield adjusted for the effects of total milking 
yield (r = .22). They suggested that cows with deeper udders are 
significantly slower milkers. 
Milk flow and lactation yield 
A controversy exists as to the relationship between rate of milking 
and the total lactation yield. Brumby (1961) demonstrated no genetic 
correlation between lactation yield and peak flow rate, while other 
researchers have found rate of milking to be related to lactation yield 
(Castle and Henderson, 1971; Clough and Dodd, 1957; Dodd and Neave, 
1951; Donald, 1960; Johansson and Malven, 1961; Kawanishi et al., 1982; 
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Miller et al., 1976; Rajamannan et al., 1966; Tomaszewski and Legates, 
1972). 
Sandvik (1957a) claimed that high milking rate of cows with a 
high lactation yield is due to their higher yield at the milking when 
rate of flow is recorded, i.e., that rate of flow should be considered 
as the dependent variable. When the peak flow was corrected for the 
amount of milk at the recorded milkings, no significant correlation 
was found between milking characteristics and lactation yield or per­
sistency. 
Also, a controversy exists as to the causal relationship of rate 
of milking and lactation yield. Clough and Dodd (1957) concluded that 
lactation milk yield is partly dependent on peak milk flow, rather than 
the reverse. Dodd and Neave (1951) explained the effect of milking 
rate on lactation yield by the theory that since milk ejection is only 
a temporary phenomenon, slow-milking cows have larger amounts of 
residual milk left in the alveolar tissue at the end of each milking. 
This depresses the rate of secretion and reduces persistency, and as a 
result, decreases lactation yields. Their other explanation was that 
impatient milkers remove the milking machines from slow-milking cows 
before milk flow has ceased, and as a result, milk yields are reduced. 
Other researchers have indicated the reverse: flow rate depends 
on lactation yield. Donald (1960) found that 11% of the variation in 
yield was removed by holding peak rate constant and concluded that high 
producing cows tended to be rapid milkers. He concluded that milk 
yield and peak rate are related, the failure of peak rate to remove 
but 11% of the variation in milk yield indicates that peak rate depends 
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on yield rather than the reverse. In a study of 115 Friesian cows which 
were tested for yield and milking qualities throughout the first lacta­
tion, Johansson and Malven (1961) found that as the peak flow during 
machine milking increased 1 Ib/min, the persistency of yield was im­
proved and the lactation yield increased 683 lb of milk. The partial 
correlation, however, between peak flow and lactation yield or persistency, 
with the yield at the recorded milking held constant, was not signifi­
cant. They concluded that the apparent correlation of peak rate with 
lactation yield was due to mutual association of these variables with 
yield per milking. This suggested that high lactation yield was the 
cause, not the result, of elevated peak rate. 
Miller et al. (1976) found that the genetic correlation of peak 
rate with lactation milk yield was .69 + .08, indicating substantial 
genetic Improvement in milking rate by selection for milk production. 
High yielding cows tend to have a much more rapid rate of milk 
flow than do low yielding cows (Foot, 1935). The positive relationship 
between lactation yield and rate of milk flow was reported by many. 
Among animals giving the same early lactation yield of milk, the faster 
milkers gave higher lactation yield than the slower milkers (Castle and 
Henderson, 1971). Using two groups that were purchased on pedigree 
esimtates of breeding value for milk yield, Chyr et al. (1974) found 
that pedigree high cows had higher peak flow rate (9.7 vs. 8.4 Ib/min), 
and more yield in the first minute (9.0 vs. 7.9 Ib/min). 
For each 2.20 Ib/min (1 kg/min) difference in peak milk flow rate 
of cows in early lactation, a 881.85 lb (400 kg) difference in lactation 
milk production can be expected, as demonstrated by Dodd and Foot (1953). 
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A significant positive correlation of .228 was found between rate of 
milking and lactation yield by Rajamannan et al. (1966). They 
demonstrated that cows with faster rate of milk have higher total lac­
tation production. Tomaszewski and Legates (1972) obtained small 
positive genetic correlations between 305-day ME production and milk 
flow rate measurements. 
The relation between milking time and milk yield was studied by 
Clough et al. (1961). They recorded machine milking time of over 750 
cows in 20 herds. The average herd machine milking times varied from 
2.5-5.4 min/cow but most of this variation was due to differences between 
the average milk yields of the herds. They suggested that a prediction 
of the average herd machine time, sufficiently accurate to plan an ef­
fective milking installation, can be made from the average milk yield 
per cow. 
Time required to milk each cow increased as production level went 
up, but not in proportion to the increase in the amount of milk (Lamb, 
1970). In other words, it takes more time and labor to get 100 lb 
of milk from low producing than from high producing cows. Miller et al. 
(1976) found that the genetic correlation between total milking time 
and lactation milk yield was .50 + .20, indicating an increase in total 
milking time due to selection for milk. 
Milk flow and mastitis 
A common belief is that faster milking cows are more susceptible to 
mastitis. Dodd and Neave (1951) were the first to examine that belief 
using an objective measure of milking speed. Determining peak milk 
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flow rates early in lactation of 94 first-calf heifers, they monitored 
new intramammary infection and cases of clinical mastitis in each animal 
throughout the lactation and the ensuing dry period. With increasing 
flow rate, there were large increases in the proportion of cows showing 
clinical infections, and even in the proportion of cows becoming in­
fected during the following dry period. Later, Dodd and Foot (1953) 
showed that cows which milk rapidly have higher lactational milk yields 
and, in addition, that cows milking rapidly have a higher incidence of 
clinical mastitis and bacterial infection. 
Contradictory results were reported by Grega and Barowicz (1981) 
using 225 Polish Black Pied Lowland cows in 1st lactation. They found 
that the incidence of subclinical forms of mastitis was highly signifi­
cantly, but negatively, correlated with milking rate (-.67). Miller 
et al. (1976) from a study of maximum flow rates and clinical mastitis 
treatment records of 458 Holstein cows over a period of 11 years. An 
index of mastitis was computed as the ratio of days from calving until 
first treatment for mastitis in any quarter to the total days milked in 
the lactation. The within-cow regression of mastitis index on maximum 
flow rate was positive (p < - 05), which indicates less susceptibility 
to mastitis for higher maximum flow rate. This disagreement could be 
because of different absolute levels of production or, perhaps, slow-
milking cows regardless of production level sustain more injury from 
milking machines. 
Mastitis infection caused a 19% decrease in the uncorrected peak 
milk flow rate and a 13% decrease in the average corrected flow rate 
(Nielsen et al., 1970). They found by comparison of average flow rates 
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that the slow-milking cows are most predisposed to mastitis infection. 
From data on 921 Polish Black-and-White Lowland cows, they found that a 
fast rate of milking had a lower incidence of mastitis. 
Maximum milking rate was found to be unrelated to udder health as 
assessed by macroscopic examination of milk, the field cell test, and 
clinical and bacteriological examination (Dobicki et al., 1981). 
Politiek (1968) reported that the incidence of mastitis did not in­
crease significantly as the maximum rate of flow increased. 
Cows with a medium milking rate (about 8.6 lb in 2 min) had less 
mastitis than very slow or very fast milkers, and it appeared that 
mastitis was more common among cows with pronounced leakage from udders 
(Solbu, 1982). 
Udder and Teat Measurements 
The structure of teats and the height of the udder may be related 
to a number of economically important traits in dairy cattle such as 
susceptibility to mastitis, speed of milking, and milk production. 
Under some conditions of milking, cows with large udders may require 
additional labor and milking machine inputs to harvest milk. Dairymen 
desire cows that require uniformly small amounts of these inputs and 
believe that udders ' conformation is associated with maximum utility in 
dairy cows. Blake and McSaniel (1979) found that udder size was as­
sociated with the tendency of cows with large udders to receive more 
labor in milking than those with small udders. Linear distances between 
teats, area bounded by the teats, and postmilking udder perimeter were 
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consistently more highly associated with labor inputs than were the 
same measurements before milking. Therefore, "residual udder size" 
was the critical physical dimension affecting labor input. 
Several measurements of the udder and teats were considered in the 
literature, i.e., udder depth, width, height from the floor or from the 
hock; teat shape, length, and diameter; and the distances between the 
teats before and after milking. 
Heritabilities 
Udder shape and size is a breed character but there is still some 
variation among cows within breed (Johansson and Rendel, 1968). Heri-
tability of .98 for teat length was estimated by Car et al. (1981). 
In 1968, Hickman found teat length and diameter to be highly heritable. 
The major portion of the decrease in teat length and diameter due to 
selection for level of production was found to be genetic. Heritabilities 
of teat conformation traits from 402 Holstein-Fresian cows in 18 dairy 
herds were estimated by Higgins et al. (1980). Heritability estimates 
were very low, usually less than .10. Exceptions were length of front 
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teat (h = .44) and distance of udder to the floor (h = .41). Johansson 
(1957) reported that the length of teats is highly heritable (.6-1.0). 
In 1961, he estimated heritabilities of length of teats (.98 + .20), 
distance between front and rear teats (.50 + .22), and diameter of 
teats (.38 + .22). 
From measurements on 151 dam/daughter pairs of Kostroma cows, 
Kabanov (1981) found heritability estimates were .86 for distance 
between hind and fore teats, .54 for udder circumference, and .64 for 
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udder length. O'Bleness et al. (1960) calculated estimates of heri-
tability of .22 + .10 for the depth of udder, .05 + .09 for the length 
of fore teats, and a negative heritability of -.09 + .09 for the length 
of rear teats. 
A heritability of .633 + .315 for udder width was estimated by 
Qureshi et al. (1980). Udder width of both sides was measured as a 
distance between fore and rear teats from the near stiffle-joint of one 
side to that of the other side, and averaged. Seykora and McDaniel 
(1980) found paternal half-sib estimates of heritabilities of single 
measurements of distances before and after milking were: between 
front teats .43 + ,10, .47 + .12; rear teats .30 + .08, .32 + .08; 
average front to rear .37 + .09, .29 + .08; left front to right rear 
.36 + .11, .36 + .09. 
From 4765 dairy cows in Hungary, Hamori (1982) found a heritability 
estimate of .52 for the udder to ground distance. Shanks and Spahr 
(1982) estimated a heritability of .27 + .13, .35 + .16, and .54 + .24 
for udder depth in the first, second, and third lactations. Udder 
depth was measured from the cleft between the rear teats to the ground. 
Tomaszewski and Legates (1972) adjusted five udder collapsibility 
measures for linear and quadratic effects of lactation number and milk 
yield for the day of measurements. Two udder heights were adjusted 
for linear and quadratic effects of lactation nimiber. Estimates of 
heritability from 328 daughter-dam pairs ranged from .15-.20 for col­
lapsibility measurements and .08 for udder heights. Genetic correla­
tions among collapsibility measures ranged from .5 to .8. 
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Age 
Udder and teat measurements Increase with age. Barysnikov (1964) 
reported that udder size increased with age but variation was con­
siderable. As the cow ages, teats become longer, wider, cylindrical 
and less plump, and udders are closer to the floor (Higgins et al., 
1980). Johansson and Malven (1961) stated that length of the teats and 
the size of the teat orifice increases from the first to the following 
lactation. Kamieniecki (1982a) reported that udder length, width, and 
depth, and teat length and thickness all increased with advancing lacta­
tion from 1 to 5 (p < .01). The space between teats also tended to 
increase. He indicated that most udder development occurs in the first 
three lactations. 
Teat canals of five Holstein-Fresian cows were radiographed for 
four consecutive lactations by McDonald (1968). The teat canals 
lengthened and dilated with increase in lactation age. The increase in 
length and diameter of the teat canal was usually greatest at the 2nd 
lactation. Increases in length and diameter were less with subsequent 
increase in lactation age. Swett and Matthews (1936) studied the 
mammary gland development and found there were great variations in the 
rate of mammary gland development judged by size of secretory tissue 
at various ages. The length of both the fore and rear teats increases 
significantly with the increase in lactation number (Tomar, 1973). 
Tavildarcva et al. (1963) reported that while teat length and thickness 
did not vary appreciably during lactation, udder circumference and 
depth, and the distance between the teats decreased with declining 
lactation. 
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The front teats are usually longer than the rear teats (Krempa and 
Prawdzik, 1954; Tomar, 1973; Tavildarova et al., 1963). 
Udder measurements and milk yield 
Increasing requirements for high milk yield place added stress on 
udders and udder attachments. In general, udder size and distances 
between teats indicate that voluminous udders produce more milk than 
smaller udders. Higher yielding cows have larger and lower udders. 
Burnside and Wilton (1970) and Norman and VanVleck (1972) found that 
bulls which sired high-producing offspring tended to have more daughters 
possessing deeper udders with weaker attachments which sloped forward 
than did sires of average or below average producing daughters. This 
suggests a negative physical response to the stress of milk production. 
Although stating that yield in first lactation should be the primary 
trait for selection, these workers warned that serious production prob­
lems could result from ignoring strength of udder attachments. 
The correlated response in udder measurements to selection for 
milk yield in Randlelgh Jerseys was investigated by Weinberg et al. 
(1980). Daughters of bulls selected for milk based on progeny test 
(milk line) or pedigree indexes (young sire line) were compared to 
randomly bred controls from the original Randleigh Jersey herd. Averages 
for distances (cm) taken before milking were: teats fore, 16.2 + 2.6; 
rear, 9.7 + 2.3; side, 11.1+ 1.71. Values for teat lengths were: fore, 
5.0 + .8 and rear, 4.0 + .6. Distances between teats among lines and 
generations were small and nonsignificant, ranging from 0 to 1.5 cm with 
all but one difference < 1 cm. Teat lengths differed by less than 3 mm 
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among lines and generations. They concluded that selection for milk 
yield has resulted in no measurable correlated response in udder measure­
ments during the period of experiment. 
Taking udder measurements of adult Simmental grades one hour before 
milking, Borodin (1963) found milk yield to be correlated with udder 
length (r = .177), udder depth (r = .357), and with udder size (length 
X depth, r = .392). Burnside et al. (1963) found milk production and 
age to be phenotypically associated with variation in udder height and 
udder height minus hock height. Within a sire group, higher production 
was associated with lower udders. 
Using two groups of cows that were purchased on pedigree estimates 
of breeding value for milk yield, Chyr et al. (1974) found that pedigree 
high cows had lower udders (52.2 vs. 54.6 cm) and shorter distance 
between rear teats (12.3 vs. 13.6 cm). Donald (1960) reported that 
higher yielding cows had larger udder areas, measured by the area 
bounded by four teats. 
Positive correlations, some of which were significant, between 
milk production and the measurements of the udder, especially those 
between the daily yield and udder circumference and between the dally 
yield and udder length were reported by Gabrls and Kolde (1965). There was also a 
positive correlation between the depth of the udder and the yield from 
the rear quarters. Gabrls (1968), from data on 127 high and 178 low 
milk yield cows, found a considerable variation for all measurements of 
the udder of Solvakian Spotted cows. He reported that udder circum­
ference and length were most closely correlated with milk yield. 
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Production levels were significant among teat diameter groupings, 
but shorter teats were significantly superior for level of production 
(Hickman, 1964). Grantham et al. (1974) reported that all udder traits 
appear to have negative genetic correlations with Predicted Difference 
for Milk. Also, high-classifying cows tended to be culled earlier 
than those with lower overall scores. Venge (1961) found a highly 
significant coefficient of correlation between teat length and daily 
yield. 
Length of the udder had a significant correlation (r = .61) with 
milk yield, as reported by Krempa and Prawdzik (1954). They also found 
a significant correlation between length of the udder and spacing of 
teats. Simple correlations between teat length and total milking 
yield and 305-day milk were positive and significant (Moore et al., 
1981). However, after correcting for herd, age, and stage of lactation 
effects, partial regression coefficients were very small and not signifi­
cant. Simple correlations between udder height and total milking yield 
and 305-day milk were strongly negative. They suggested that cows 
with deeper udders yield more milk. Similar results were found by 
Janicki et al. (1980). 
The results found by Shanks and Spahr (1982) also indicated that 
greater than average milk production is associated with deeper than 
average udders. O'Bleness et al. (1960) reported that M.E. 2X 305-day 
milk yield had genetic correlations of .14, and .66 with udder depth, 
and average length of the fore teats, respectively. 
Relationship between milk yield and length of teats in Hariana 
cattle was investigated by Tomar (1973). He found correlations of .35, 
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and .36 between milk yield and the length of fore teats and rear teats, 
respectively. These results disagree with the results of Donald (1960) 
and Hickman (1964), who reported that cows with short teats had higher 
yields than cows with longer teats. 
A significant genotyplc correlation of .37 + .11 and a nonsignificant 
phenotypic correlation of .12 between daily milk yield and udder width 
(Qureshi et al., 1980). Ruzevskii and Kipibida (1965) from measure­
ments on progeny of Black Pied bulls, found correlations between 
daily milk yield and udder width, depth, and circumference were .55, 
.34, and .72, respectively. 
Using data on 59 cows of Norwegian Red Poll, Sandvik (1957b) 
calculated significant regression and correlation coefficient of udder 
size score and udder shape score on lactation yield. In a study on 
Kostroma cows, Solon'ko and Kabanov (1982) found that for the first 
lactation, milk yield was significantly correlated with udder circum­
ference (.32), depth of the forequarters (.34), width (.36) and length 
(.31) of the udder. For older cows, the correlations were smaller. 
Correlation between dally milk production vs. expanded udder area 
and area after milked were .39 and .51, respectively, as found by Stall-
cup et al. (1963). Tomaszewski and Legates (1972) found small genetic 
correlations between 305-day ME production and udder collapsibility 
measurements. They also found that udder height measurements were nega­
tively genetically correlated with 305-day ME production. 
The relationship of measurements of the udder with the rate of milk 
flow was reviewed earlier in this section. Zheltikov (1982) discussed 
the relationship between udder measurements, milk flow rate, and lactation 
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milk yield. For 137 Russian Black Pied cows with cup-shaped udders and 
81 cows with rounded udders, 305-day milk yield averaged 4334 and 4112 
kg, daily milk yield 18.8 and 17.4 kg, milking rate 1.71 and 1.52 kg/ 
min, and udder indices 43.2 and 41.2 percent. For both groups of cows, 
milk yields and udder indices increased with scores for udder develop­
ment and attachment and teat form. 
Udder measurements and mastitis 
Height of the udder, and length, diameter, and shape of the teat 
have been found to be correlated to udder injury and incidence cf udder 
disease. The importance of the teat sphincter as a barrier to udder 
infection also has been stressed by researchers. 
Cylinder-shaped teats were longer and had a smaller diameter than 
funnel-shaped teats (Bakken, 1981). Cylindrical teats had a lower 
frequency of subclinical mastitis than funnel-shaped teats. From a 
study on 961 Polish Black-and-White Lowland and 844 Polish Red-and-
White Lowland cows, Dobicki et al. (1981) concluded that cows with 
large udders, high milk yield, or teats less than 3.5 or greater than 
9 cm long showed significantly higher incidence of udder disease. 
Hickman (1964) found a pronounced positive relationship for incidence 
of mastitis and teat diameter, but length of teat appeared independent 
of incidence of mastitis. Higgins et al. (1980) reported significantly 
higher cell counts associated with teats that were long and wide. 
Analysis of progeny testing data for a 3-year period done by 
Solbu (1982) revealed that mastitis incidence was significant cor­
related with udder conformation score (r = -.14). No significant 
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correlation was found between mastitis incidence and teat length, teat 
diameter, teat shape, teat end shape or distance of teat end from floor. 
White and Vinson (1975) found that correlations among direct udder 
measurements and CMI scores were generally positive and significant. 
They indicated that larger udder may tend to be associated with greater 
udder stress or injury. 
Udders that are closer to the ground are associated with higher 
incidence of mastitis. A significant negative correlation between sub­
clinical mastitis and udder height from floor (Bakken, 1981). Chyr 
et al. (1974) found that high peak rate and low udder floor were 
associated with high California Mastitis Test (CMT) and Wisconsin 
Mastitis Test (WMT). Hamori (1982) reported a mean distance from the 
udder to the ground of 51.2 cm in Hungarian Pied and 45.8 cm in 
Holstein-Fresian. In the 361 Hungarian Pied and 97 Holstein-Fresian 
cows with mastitis, mean udder to ground distances were 43.3 and 39.4 
cm, respectively. 
A correlation of -.24 between cell count and distance of udder to 
the floor (Higgins et al., 1980). Several significant differences in 
the severity of mastitis among sire groups were observed by Janicki 
and Balukiewicz (1982) indicating the existence of genetic effects on 
susceptibility to infection. The severity of infection was inversely 
correlated with the distance of teats from the ground (r = -.24, p < .01) 
and tended to increase with age. Negative significant correlations 
between mastitis scores and measurements of udder height and udder 
height minus hock height was found by Young et al. (1960). 
Anatomical examination of 267 teats, collected by Redaelli et al. 
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(1972) at slaughter from cows of different ages and breeds, and bac­
teriological examination of milk samples taken from these quarters 
before slaughter, revealed a significant intra-class correlation 
(.0987) between the external diameter of the teat canal sphincter and 
streptococcus agalactiae mastitis. However, length of teat canal 
was found not to have a significant effect on mastitis infection. 
McDonald (1970) also reported that teat canals with larger diameters 
are more susceptible to new intramammary infection. 
Teat-End Shape 
The shape of the tip of the teat varies. Johansson (1961) described 
four types of teat-tips: round, flat, plate-shaped, and funnel-shaped. 
Bakken (1981) showed from the characterization of the teat tip on 503 
first calving cows of Norwegian Red cattle that 5.0% of the cows had 
platform tips, 37.6% semi-platform tips, and 45.1% round-off tips. 
There was no significant correlation between the shape of the teat and 
shape of teat tips, while the positive correlation between the length 
of the teat and the shape of the teat tips was highly significant. 
In a study of 22 pairs of identical twins, Johansson and Rendel 
(1968) showed that the shape of the tip of the teats was very similar 
within pairs, but that the variation between pairs was considerable. 
This indicates that the shape of the tip of the teats is genetically 
determined. 
Appleman (1973) stated "if a subjective teat end classification 
scheme is to have practical value in selecting herd replacements that 
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both milk out reasonably fast and are suitably resistant to new intra-
mammary infections, repeatability of evaluations made at different 
times must be high enough to result in confidence in the judgment of the 
evaluator." He found that repeated evaluations of cows and bred heifers 
a few days apart resulted in correlations of only .78 and .75, re­
spectively, suggesting that 40% or more of variation in future classifica­
tion is unaccounted for by past classification scores and may result 
from human error. He concluded, however, that teat classification 
scheme has sufficient repeatability as an aid to selection, especially 
in springer heifers close to freshening. 
Previous investigations have shown that the size of the teat canal 
influences the rate of milk flow (Andreae, 1961). A relationship 
does exist between the external structure of the teat tip and the 
size of the teat canal. Oveson (1972) investigated the possibility of 
a similar relationship between shape of teat tip and the milking 
characteristics. He found that the average rate of milk flow was sig­
nificantly higher in cows with flat and concave teat tips. Further­
more, milking time was shorter with those types of teat tips. 
Appleman (1970) found that teat ends classified as pointed or 
round to be less dilated than those called flat, disk or cone. Cows 
with flat, disk or cone-shaped teats produced milk at a significantly 
faster rate of flow. Eight of every 10 Brown Swiss cows were of the 
round type, and characteristically were slower in rate of milk flow 
than the average Holstein. This could just be a breed difference. In 
1973, Appleman claimed that cows with pointed and round teats showed no 
significant difference in average flow rate and peak flow rate. But 
only a limited number of cows were in the pointed classification. 
Flat and disk or cone-shaped teat ends differed (p < .05) in observed 
flow rate. 
Hodgson et al. (1980) used percent 2-min milk as a measure of milk 
flow rate and visually evaluated 270 Holstein first-calf heifers for 
teat end shape at approximately 30 to 60 days post-calving. Heifers 
with pointed teat ends produced 27.0% of their milk in 2 min; round 
teat ends, 44.6%; flat teat ends, 59.8%; disk-shaped teat ends, 61.0%; 
and cone-shaped teat ends, 60.5%. Their data showed that teat end shape 
influences milk rate (p < .05). Loppnow (1959) found that pointed teats 
were associated with higher rate of milk flow. 
A linear scoring system to describe variation in teat ends, lesions 
of teat ends, and teat shape was developed by Seykora and McDaniel 
(1982). Two teats on one side of 625 Holstein cows in six herds were 
visually scored for teat end shape (pointed to flat to inverted ranged 
1 to 50). Recording teat end shape to discrete classes resulted in the 
following distribution: pointed 3.7%, round 49.4%, flat 19.2%, disk-
shaped 26.1%, and inverted 3.7%. Frequencies of teat end codes differed 
between herds (p < .01) but not between cows of different lactation 
numbers. Milk flow rate measured as percent 2-min milk by teat end 
code was: pointed teat ends, 50.8%; round, 52.4%; flat, 58.5%; disk-
shape, 56.1%; and inverted, 55.8%. Conclusions were that teat end 
shape (scored linearly or coded into five phenotypes) was more closely 
related to milk flow rate and lesion score than teat shape, length, or 
diameter. 
In machine-milked herds, some of the cows usually have everted teat 
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canals. Udall (1947) called it "teat erosion." Johansson (1957; 1961) 
reported that narrow teat canals as well as narrow and pointed teats, 
and teats with plate-formed tips, predisposed for "teat erosion." 
Teat erosion was never found when the canal opened into a funnel-shaped 
depression on the tip of the teat. A highly significant correlation 
between erosion and shape of the teat tip was reported by Bakken (1981). 
He found pointed teat tips to have a greater tendency to gain erosions 
around the teat canal apex than more platform-like teat tips. Murphy 
(1947) noted that the problem of teat end erosion occurred more frequently 
in cows with pointed teats rather than blunt. 
The shape of the teat end was found to be related to the prevalence 
of teat end lesions (Sieber and Farnsworth, 1980); only 10-7% of the 
conical-shaped teat ends were normal. Pointed and round teat ends fell 
between these levels with 23.8 and 8.3% of the teat falling into the 
normal teat end classification. There was a general tendency for the 
flat teat ends to have more severe forms of chronic ring lesions. 
Farnsworth and Sieber (1980) indicated that there is little relation­
ship between the chronic proliferative ring type callus lesion and 
increased intramammary infection either in prevalence of infection or 
in new infection rates. 
Before the shape of the teat tip should be used to select for milking 
characteristics, it would first be necessary to establish that this 
would not at the same time lead to an increased incidence of mastitis 
(Ovesen, 1972). A concave teat tip, for example, is more difficult to 
clean prior to milking, and milk residue may accumulate in the cavity 
and offer suitable growth condition for multifarious bacteria. Johansson 
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and Rendel (1968) suggested that the funnel-shaped teat tip predisposes 
the udder to infections, in that the milk which remains in the depression 
serves as a breeding ground for bacteria, which then find their way into 
the udder. There was no evidence that this was the case. Using 53 first-
calf heifers in the first 5 months of lactation, Appleman (1973) ob­
served no differences in CMT comparisons between teat end classification 
groups after minimi zing many environmental Influences. 
Natzke et al. (1978) used photographs of teat ends of 60 Holstein 
cows rated by two technicians. Teat ends were classified with a modifica­
tion of the system used by Appleman (1973). Flat and disk shapes were 
combined in one classification. They found that round-shaped teat ends 
were the predominant type and had the lowest rate of new Infection in 
each lactation age group. New infection rate was highest in the second 
or subsequent lactations for each shape of the teat end. Cows with 
pointed teat ends had the highest rate of new infection. 
Incidence of clinical, subclinical and latent forms of mastitis 
was significantly higher in cows with the flat-round to plate-formed 
(inverted) types of the teat than in those having the normal, i.e., 
round apex (Lojda et al., 1975). Similar results were found by Hodgson 
et al. (1980). They visually evaluated 62 heifers for teat end shape. 
These heifers were also evaluated for CHI and Somatic Cell Count (SCC) 
at 30-day intervals through their first lactation. SCC averages for 
heifers with pointed teat ends were 88,000; round teat ends, 118,000; 
flat teat ends, 420,000; disk-shaped teat ends, 377,000; and cone-
shaped teat ends, 1,222,000. CMT readings showed the same trends as 
did SCC with the lowest CMT scores in heifers with pointed and round 
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teat ends and progressively higher scores in heifers with flat, disk 
and cone-shaped teat ends. 
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DESCRIPTION OF DATA 
The data used in this study were collected from the Iowa State 
University dairy breeding research herd at Ankeny, Iowa. The herd was 
established in 1968. Seventy-two heifers were purchased as foundation 
females for the Ankeny selection project. Those registered Holsteins 
were obtained, based on their pedigree, as open heifers in multiples of 
two from breeders in the state including some from institution herds. 
One heifer was purchased for high and one for low expected breeding 
value for milk production from each herd by adding the Predicted Dif­
ference Milk (PDM) of the heifer's sire to the Estimated Average Trans­
mitting Ability (EATA) of the heifer's dam. High and low heifers were 
chosen to get as large a difference between pairs within a herd as 
possible. More foundation females were bought later in 1971-1973. They 
were not selected for high or low milk production but they were pur­
chased as good heifers. 
Those three groups of foundation cows and their offspring were 
bred to AI progeny tested sires with the highest PDs (Predicted Dif­
ference) available for milk and breed average PDs sires (+ 100 lb). 
The pedigree selected high foundation cows were mated equally and at 
random to high and average sires; the pedigree selected low foundation 
cows were mated equally and at random to high and average sires. 
Progeny of high sires were mated at random to the next selection of 
high sires and progeny of average sires to average sires. 
Three generations of progeny of high and breed average sires were 
called G^, G^, and G^. The few data from generation four were combined 
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with generation three. The nine genetic groups of con^arison in this 
study are: pedigree selected high, low, and unselected foundation 
cows; and progeny of high and breed average sires within the three 
generations. In part of the analysis, genetic groups were combined 
as (i) high foundation cows and progeny of high sires, (ii) low founda­
tion cows and progeny of breed average sires, and (iii) unselected founda­
tion cows. The comparison of interest is (i) vs. (ii). 
The repeat mating design A, described by Hickman and Freeman (1969) 
was operated within cows bred to high sires and within cows bred to 
breed average sires. This design enables measuring direct and indirect 
response to selection from measurements on progeny of successive bull 
groups. The main objective of the Ankeny project was to measure the 
direct response in milk production due to selection. The second ob­
jective, which this study will deal with part of, was to measure the 
correlated responses to milk production that may be of economic se­
quences . 
Milk Flow 
Four-thousand four-hundred fifty-four observations of milking rate 
and milking time of 553 cows were obtained from October 1968 to December 
1981. All cows until 1974 were milked in stanchions by Surge milking 
machines (Babson Bros. Co.) at a vacuum of 15 inches Hg, a pulsation 
rate of 66 cycles per minute, and pulsation ratio of 50:50. After 
1974, all cows were milked in a double-two stall side opening parlor 
with milking machines (Babson Bros. Co.) at a vacuum level of 13 inches 
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Hg, a pulsation rate of 50 cycles per minute, and pulsation ratio 
(contraction:rest) of 55:45. The data were collected in one P.M. 
milking approximately every three months regardless of when the cow 
calved. 
When the last teat cup was attached, a stopwatch was started and 
accumulated milk weights were recorded from a weight jar at 30-second 
intervals. By recording the accumulated weight of milk, a number of 
variables concerned with rate of milk removal could be recorded. The 
variables included in this study were: 
Initial rate (lb): the pounds of milk obtained in the first minute. 
2-min milk (lb): the pounds of milk obtained in the first two 
minutes. 
Average rate (Ib/min): the mean rate of milking over the whole 
milking period. 
Maximum rate (Ib/min) : the maximum weight of milk in pounds ob­
tained in two consecutive 30-second intervals. 
Percent 2-min milk: the amount of milk produced in the first two 
minutes of milking x 100 divided by the total milk. 
Time to maximum rate (min) : the time elapsing from attaching the 
last teat cup until the commencement of maximum rate. 
Total time (min): the time elapsing from attaching the last teat 
cup until removing the last teat cup of the milking unit. 
The raw means, standard deviations and coefficients of variation 
of measurements of milk flow are in Table 3. 
Udder and Teat Measurements 
One-thousand two-hundred eighty-four observations of udder and 
teat measurements were obtained on 547 cows. Measurements were taken 
Table 3. The raw means, standard deviations, and coefficients of variation of milk flow measure­
ments by genetic groups across all generations 
Genetic groups* 
1 2 3 
Mean S.D. C. V. Mean S.D, C. V, Mean S.D. C.V. 
Initial rate 5.57 3.07 55 .12 5.05 3. 05 60 .40 5.01 2.76 55.09 
2-mln milk 12.26 5.01 40 .86 10.96 4. 40 40 .15 11.42 4.68 40.98 
Average rate 4.06 1.37 33 .74 3.72 1. 29 34 .68 3.82 1.26 32.98 
Maximum rate 8.17 3.25 39 .78 7.29 2. 95 40 .47 7.67 2.40 31.29 
Percent 2-mln milk 58.01 20.25 34 .91 58.61 20. 40 34 .81 56.22 19.31 34.35 
Time to max. rate 1.40 0.75 53 .57 1.39 0. 74 53 .24 1.43 0.68 47.55 
Total time 5.57 1.65 29 .62 5.38 1. 59 29 .56 5.57 1.58 28.37 
Milking yield 21.83 7.47 34 .22 19.31 6. 74 34 .90 20.63 7.13 34.56 
No. of observations 2078 1816 560 
^1 = high foundation cows and progeny of high sires; 
2 = low foundation cows and progeny of breed average sires; 
3 = unselected foundation cows. 
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once for each lactation from 30 to 60 days postpartum, average 39 days. 
Actual day postpartum was recorded for each cow. This stage of lacta­
tion was chosen for taking udder measurements since normal edematous 
swelling associated with parturition should have receded and the cow's 
udder should have been distended with the heavy flow of milk. 
Udder height, hock height from floor, height of cleft, and height 
of the lowest point of the udder were taken with a telescoping rod. 
Length of the rear and fore teats were taken with a caliper. Hock 
height was used with the measurements since it is often used by breeders 
as a reference point when evaluating udder height. Both traits, of 
udder height minus hock height and height of the lowest point of the 
udder minus hock height, were used in the analysis because only 64.16% 
of the lowest points were in front of the right rear or left rear 
teat where the udder height was taken. The frequencies and percentages 
of the different locations of lowest point of the udder are in Appendix A, 
Table 44. 
Pre- and postmilking teat prints were taken by a stiff paper sheet 
placed in contact with the tips of moistened teats. Teat position on a 
sheet was made indelible by marking each moistened position. Distances 
between marked positions were measured later. 
Teat length was measured from the upper part of the teat to the 
tip of the teat using a caliper. All four teats were measured and the 
length of both the fore and of both the rear teats were averaged. 
Definition of variables used in the analysis of udder and teat measure­
ments were: 
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Udder height (cm)^: the average of the distance from the barn 
floor to the udder floor in front of left rear and right rear 
teats. 
Depth of cleft (cm)^: height of cleft from floor in a straight 
line in front of rear teats minus udder height. 
Teat prints premiIking (cm) : the premiIking sum of the distances 
between the four teats. 
Teat prints postmilking (cm) ; the postmiIking sum of the distances 
between the four teats. 
Teat prints difference (cm) : teat prints premi Iking minus teat 
prints postmilking. 
Coefficient of collapsibility: teat prints difference divided by 
teat prints premilking. 
Coefficient of expansion: teat prints difference divided by teat 
prints postmilking. 
1 2 (Udder height - Hock height ) (cm): udder height minus the distance 
from the barn floor to the point of the hock. 
1 2 (Lowest point - Hock height ) (cm) ; the distance from the barn 
floor to the lowest point of the udder minus the distance from 
the bam floor to the point of the hock. 
Fore teat length^ (cm) : the average of the length of the two fore 
teats from the upper part of the teat to the tip of the teat. 
Rear teat length^ (cm): the average of the length of the two rear 
teats from the upper part of the teat to the tip of the teat. 
The raw means, standard deviations, and coefficients of variation 
of the udder and teat measurements by genetic groups are in Table 4. 
Means of udder and teat measurements by lactations within genetic groups 
are in Appendix A, Tables 45 and 46. 
Premilking measurements. 
2 
Either left or right. 
Table 4, The raw means, standard deviations, and coefficients of variation of udder measurements by 
genetic groups across all generations 
Genetic groups* 
1 2 3 
Mean S.D. C.V. Mean S.D. C.V. Mean S.D. C.V. 
Udder height 51.79 6.70 12.93 53.98 6.25 11.58 52.56 6.43 12.24 
Depth of cleft 3.23 1.73 53.67 3.28 1.70 51.96 2.98 1.39 46.65 
Teat prints (premllklng) 66.07 11.69 17.70 63.29 10.82 17.10 66.87 12.88 19.26 
Teat prints (postmllklng) 50.67 10.19 20.11 47.78 9.43 19.73 50.54 11.43 22.61 
Teat prints difference 15.40 5.52 35.85 15.51 5.58 35.98 16.33 4.99 30.55 
Coef. of collapslbillty 0.23 0.07 31.60 0.24 0.08 32.57 0.25 0.07 27.50 
Coef. of expansion 0.32 0.12 38.53 0.34 0.13 39.62 0.34 0.12 35.67 
(Udder-hock) height -0.06 6.48 — 1.90 7.0 - 0.53 6.13 -
(Lowest point-hock) height -0.93 6.54 — 0.97 7.42 - -0.63 6.72 — 
Fore teats length 5.42 1.01 18.60 5.47 0.96 17,60 5.44 1.12 20.55 
Rear teats length 4.60 0.90 19.49 4.65 0.83 17.79 4.51 0.96 21.36 
Milking yield 28.88 7.29 25.26 26.12 6.59 25.. 24 28.63 7.15 24.97 
®1 = high foundation cows and progeny of hire sires; 
2 = low foundation cows and progeny of breed average sires; 
3 = unselected foundation cows. 
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Teat-End Shape 
Teat-end shapes classification, modified from that of Johansson 
(1961), was developed. Teat-ends were visually evaluated into five 
classes of round, flat, plate-shaped, funnel-shaped, and prolapse. 
This was done on the basis of the overall.shape of teat end; the 
sphincter in spatial relationship to the surrounding teat-end tissue. 
Each of the four teats was classified independently. 
Teat-end shape evaluation was done by one evaluator from the 
start of the project until 1975. Another evaluator did the evaluations 
from 1975 until 1981. Teat-end shapes were determined before milking 
once in every lactation from 30 to 60 days postpartum, average 38 days. 
A total of 4835 observations were collected from the four quarters. 
Phenotypic Correlations 
Relationships among milk flow measurements, udder and teat measure­
ments, lactation milk yield, teat-end shape, and incidence of mastitis 
were investigated. Incidence of mastitis was measured by California 
Mastitis Test (CMT), Wisconsin Mastitis Test (DMT), and clinical 
mas titis. 
CMT and WMT scores were taken once a month, at the second week of 
each month. CMT scores were recorded as one, two, three, four, five, 
and six for the negative, trace, one, two, three, and four, respectively, 
described by Schalm and Noorlander (1957). The average score of the 
four quarters was used in this study. A large portion of the milk for 
the WMT was taken on the same day as CMT, but the test run on the fol-
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lowing day. WMT scores ranged from zero to forty, by increments of 
one indicating varying degrees of abnormality in milk, as described 
Thompson and Postle (1964). Milk from all quarters was pooled for 
WMT. 
Clinical mastitis was considered present when any milk had to be 
discarded because of abnormal appearance or as a result of treatment 
for udder infection. Clinical mastitis presence was recorded for each 
quarter (which was used in the relationship of teat-end shape and 
mastitis) and for the udder (all four quarters), which was considered 
affected if one of its quarters was affected. 
Lactation clinical mastitis scores of the udder for each cow were 
calculated by taking the first 10 months of that lactation and giving 
scores in reverse order (Pollak, 1973). 
Month of lactation 123456789 10 
Score 12 11 10 98765432 10 
Lactation clinical scores were obtained by adding the score of the 
10 months. If a cow had no mastitis in any of the 10 months, she would 
get a score of 55. If a cow had a clinical case in any of these months, 
she was given a score of zero for that month. Any missing month was 
given a score by taking the average score of the month before and the 
month after that missing month. If two months were missing, they were 
given equal scores by taking the average of the two months before and 
the two months after those missing months. The first available month 
in a lactation was considered the first month of that lactation, or the 
first month could not be missing. If the last month was missing, its 
score could be found by adding a score of zero to the score of the 
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ninth month and averaging the sum. Scores of 11 and 12 were used to 
get scores of the missing early months of a lactation. 
Actual lactation production records were taken from DEIA-202A 
reports and were all on 305-day basis. 
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METHODS OF ANALYSIS 
Mixed Model and Least-Squares Analyses 
A preliminary analysis indicated that both the linear and quadratic 
effects of one FM milking yield had significant influences on milk flow 
measurements. Linear and quadratic effects of one FM milking yield and 
linear and quadratic effects of days postpartum had significant in­
fluences on udder and teat measurements. Data of milk flow, and udder 
and teat measurements were analyzed with and without adjustment for the 
linear and quadratic effects of milking yield. 
Harvey's Mixed Model Least-Squares and Maximum Likelihood Computer 
Program (LSML76) was used to analyze data of milk flow and udder and teat 
measurements. Least-squares analysis of variance was used to get cow 
and error variances needed in obtaining estimates of repeatability. 
The model assumed to describe measurements of milk flow was (Model I) : 
^ijk&m = + YSj. + Aj + " ^l)^ 
®ijkAm 
and the model assumed to describe udder and teat measurements was 
(Model II): 
\jkim - + + 1^+ - Xj) + bjiCXi -
in which 
^ijfcim ~ mth observation of milk flow or udder measure­
ments in the J&th lactation of the kth cow of the jth 
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genetic group in the ith year-season. 
pk = the overall mean of Y. 
YS^ = the fixed effect common to all observations started in 
the ith year-season. According to Bereskin and Freeman 
(1965), lactation records are classified into two seasons 
by month of calving. Season one begins in May and ends 
in September, while season two begins in October and ends 
in April of the following year. 
Aj = the fixed effect of the jth genetic group. The genetic 
groups are pedigree selected high, pedigree selected 
low, and unselected foundation cows; and progeny of higih 
and breed average sires within the three generations. So, 
there were nine genetic groups. 
= the random effect of the kth cow in the jth genetic 
group ~ N(0, 10^). 
= the fixed effect common to observations taken in the 4th 
lactation. 
bijj, b^jj = the within lactation partial linear and quadratic 
regression of measurements of milk flow or udder and 
teat measurements on the PM milking yield (X^). 
bjjjj b^jj = the within lactation partial linear and quadratic 
regression of udder and teat measurements on days post­
partum (Xg). 
®ijkJîm ~ residual error ~ N(0, iq^). 
The general mixed model was: 
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Y = Xb + Zu + e 
in which 
Y is a vector of the traits measured. 
b is a vector of the fixed effects in Model I for milk flow 
and in Model II for udder and teat measurements. 
u is a vector of random cow effects. 
e is a vector of random error effects. 
X and Z are known fixed incidence matrices. 
Y "Xb' 
E u 0 and V; 1 = | « 1 where G = la^ 
e 0 l/\ 
e 0 L J L ej 
Repeatability, heritability, phenotyplc correlations, and genetic 
correlations were estimated using the least-squares analysis. The 
equations for the least-squares analysis are: 
X'X X'Z 
A" 
b X'Y 
Z'X Z'Z 
A 
u Z'Y 
Best linear unbiased estimators (BLUE) of the fixed effects were ob­
tained using estimates of repeatability of each trait from the same data. 
The mixed model analyses were done individually trait by trait to get the 
BLUEs. The complete equations for the mixed model analysis are: 
P - X" -
X'X X'Z b X'Y 
Z'X Z'Z + & Z'Y 
m m . -
This analysis Involves absorbing random cow effects into fixed 
effects. 
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Repeatabllities 
Estimates of the between lactations repeatabilities of measurements 
of milk flow and udder and teat measurements were obtained by the ratio 
of the components of variance among cows to the sum of the within and 
among cows components of variance 
+ 0^ 
c:A e 
where and are the cow and the error component of variance 
calculated from Model I for measures of milk flow and from Model 
II for udder and teat measurements. The con^onents of variance 
were estimated using Method III of Henderson. The order of reduc­
tions is given in Harvey (1977, p. 28). 
Estimates of repeatability for measurements of milk flow were ob­
tained for each lactation by the same formula above, but and 
ce 
were calculated from Model III:. 
+ + * »ik. 
in which 
C.^ = the random effect of the kth cow in the ith year-season 
~ N(0, 10^). 
c 
The other effects were as defined previously. 
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The fixed effect of genetic group was removed from the model because 
of the partial confounding with the fixed effect of year-season. Also, 
there was no reason to believe repeatabilities differed by genetic 
groups. 
The approximate standard errors of repeatability estimates were 
computed by the formula given by Swiger et al. (1964); 
(S.E.) = (2(N - DCl - t)2[l 4- (k - ntiy/^ 
^ k^(EDF)(CDF) 
N = total number of observations. 
t = repeatability estimate. 
k = the average number of observations per cow. 
EDF = error degrees of freedom. 
CDF = cow degrees of freedom. 
Heritabilities 
Estimates of heritability and genetic correlations were obtained 
from paternal half-sibs. The model used to obtain these estimates for 
measurements of milk flow was (Model IV) : 
and for udder and teat measurements was (Model V): 
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in which 
Y.. , - = the mth observation of milk flow or udder measure-ijnk&a 
ments in the £th lactation of the kth cow of the jth 
genetic group sired by the nth sire in the ith year-season. 
S. = the random effects common to all observations on cows jn 
2 
sired by the nth sire in the jth genetic group ~ N(0, . 
= the random effects of the kth cow in the jth genetic 
2 
group sired by the nth sire ^  N(0, o^). 
The other effects were as defined previously, but the genetic groups 
were pooled together as (i) pedigree selected high foundation cows and 
progeny of high sires, (ii) pedigree selected low foundation cows and 
progeny of average sires, and (iii) unselected foundation cows. 
Estimates of heritability were the ratio of four times the variance 
among sires to the sum of the variance among sires, the variance among 
cows within sires, and the error variance. 
, 2  
* °Ls:A + 
Variance components in the above formula were estimated from Model IV 
for measures of milk flow and from Model V for udder and teat measurements. 
The components of variance were estimated using Method III of Henderson. 
The order of reductions is given in Harvey (1977, p. 32). 
The formula given by Swiger et al. (1964) was modified by Harvey 
to compute the standard errors of heritability estimates in (LSML76) com­
puter program. The formula to compute the approximate standard errors was: 
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(S.E.)h^ = (W'2(N- 1)(1 - h^)^l + (k -
k (EDF)(SDF) 
N = number of sires times average number of progeny per sire. 
2 h = heritability estimate. 
k = average number of progeny per sire. 
EDF = error degrees of freedom. 
SDF = sire degrees of freedom. 
Estimates of heritability and genetic correlations were calculated 
with and without adjustment for the first- and second-order regression 
of milk flow and udder measurements on the effect of one PM milking yield. 
Also, estimates were found with and without including the fixed effect 
of genetic group in the model. 
Analysis of Teat-End Shape 
Differences in percentages of clinical mastitis among the five 
different teat-end shapes were investigated. These differences were 
examined by lactations, genetic groups- and quarters of the udder 
2 
using the chi-square (% ) test provided by the Frequency Procedure of 
the Statistical Analysis System (SAS). 
The between lactations repeatability of each of the five teat-end 
shapes was found by giving a code of 1 for that shape and 0 for the 
others. Froc Nested in SAS was used and estimates of repeatability 
were calculated by the ratio of the between cows component of variance 
to the total variance. 
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The standard errors of repeatability estimates were computed by 
the formula of Swiger et al. (1964) as was shown previously. 
The gross phenotypic correlations, by quarters of the udder, of 
teat-end shape with measurements of milk flow, lactation yield, and 
incidence of mastitis measured by CMI, WMI, and clinical mastitis 
scores were found. Teat-end shape was recorded once during a lactation; 
all other measurements were averaged over the lactation. Scores of 
clinical mastitis used here were: 0 = clear and 1 = affected which 
were taken for each quarter of the udder. 
2 Phenotypic Correlations and Maximum R Procedure Analyses 
Phenotypic correlations among milk flow, udder and teat measure­
ments, udder health (CMI, WMT, and lactation clinical score) and lacta­
tion milk yield were estimated. Three kinds of correlations were 
calculated: (i) gross phenotypic correlation, (ii) phenotypic cor­
relations after adjusting for the effects of genetic groups, lacta­
tions, and year-seasons, and (iii) phenotypic correlations after ad­
justing for the effects of genetic groups, lactations, year-seasons, 
and milk yield. Measurements of milk flow, udder and teat measure­
ments, CMT, and WMT scores were adjusted for one PM milking yield at the 
day the data were recorded, while lactation clinical scores were ad­
justed for lactation milk yield. 
Measurements of milk flow, CMT, and WMT scores were averaged over 
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the lactation for correlations with traits measured only once during 
the lactation (udder measurements, lactation clinical score, and lacta­
tion yield). 
2 The mavinnim R improvement procedure of the Statistical Analysis 
System (SAS) was used to search for five variables from measurements 
of milk flow and five variables from udder and teat measurements which 
2 
contributed the tna-gimum R to lactation milk yield and udder health 
(CUT, WMT, and lactation clinical score). 
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RESULTS AND DISCUSSION 
Response in Milk Production Due to Selection 
Differences in milk production of pedigree selected high and low foun­
dation cows and in production of progeny of high and breed average sires 
are in Table 5. The realized differences are higher than expected. For 
each pound of milk expected in progeny of selected sires, 1.4 pounds were 
realized. Differences between high minus average sires have generally in­
creased for NE milk as time progressed. These results were obtained by 
personal communication with Dr. Freeman (Department of Animal Science, Iowa 
State University). 
Correlated responses in milk flow measurements, and udder and teat mea­
surements due to selection for milk yield were the main objectives of this study. 
Measurements of Milk Flow 
Mixed model and least-squares analyses 
Raw means, standard deviations, and coefficients of variation for 
measures of milk flow are in Table 3. The coefficients of variation 
ranged from 30 to 60 percent. The initial rate was more variable in 
the genetic group of pedigree selected low foundation cows and progeny 
of breed average sires than in the genetic group of pedigree selected 
high foundation cows and progeny of high sires. However, other measure­
ments of milking rate and milking time had almost the same coefficients 
of variation in the two genetic groups of interest. 
Average milking yield was 21.83 pounds in the genetic group of 
high foundation cows and progeny of high sires vs. 19.31 pounds in the 
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Table 5.® Comparison of milk production from pedigree selected high 
and low foundation cows and from progeny of high and breed 
average sires, adjusted for year of calving 
Hieh Average High-average 
No. of ME No. of ME ME 
Generation cows milk cows milk milk 
0^ 40 15888 40 14613 1275 
1 85 17947 85 15422 2525 
2 85 18084 68 15447 2637 
> 3 44 18000 39 15137 2843 
1 - > 3 214 18012 192 15377 2635 
^Results in this table are from personal communication with 
Dr. Freeman. 
^Pedigree selected high and low foundation cows. 
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genetic group of low foundation cows and progeny of breed average sires. 
Yield in the first minute for high foundation cows and progeny of high 
sires vs. low foundation cows and progeny of breed average sires was 
5.57 vs. 5.05 lb., 2-min milk was 12.26 vs. 10.96 lb., average rate 
of flow was 4.06 vs. 3.72 lb., maximum rate was 8.17 vs. 7.29 lb., 
and total milking time was 5.57 vs. 5.38 min. 
The least squares analysis of variance from Model 1 before and 
after adjusting for the linear and quadratic effects of a single PM 
milking yield on measurements of milk flow are in Tables 6 and 7. 
Differences between genetic groups, without adjustment for milking 
yield, were significant in measurements of milking rate (initial rate, 
2-min milk, average rate, and maximum rate); however, differences 
between genetic groups in measurements of milking time (total time and 
time to maximum rate) and percent 2-min milk were not significant without 
adjustment for milking yield. 
Best linear unbiased estimators (BLUEs) of the fixed effects of 
genetic groups and lactations are listed in Tables 8 and 9 and for the 
fixed effects of year-seasons of calving in Appendix A, Tables 47 
and 48. 
The three generations of progeny of selected sires had higher 
initial rate, 2-min milk, average rate, and maximum rate (p < .01) 
than pedigree selected foundation cows (Table 10). As time progressed, 
there were substantial increases in measurements of milking rate due to 
higher milk yield by selection. 
The high yielders had, on average, a faster rate of milk flow 
than the low yielders. This agrees with the results reported by 
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Table 6. Least-squares analysis of variance for milk flow measure­
ments without adjustment for total milking yield 
Group Cow/group Lactation Year-season Remainder 
d.f. 8 544 4 24 3873 
Mean squares 
Initial rate 58.61* 26. 98^ 335. 32" 137. ,47% 5. 21 
2-mln milk 273.63*) 76. 77^ 968. oo" 291. 77 13. ,28 
Average rate 20.83^ 4. 58^ 91. 97 35, .45% 1. ,20 
Total time 8.78 5. 91^ 75. 63% 24, .78% 1, .62 
Maximum rate 113.68^ 25. 03^ 240. 86% 75, .63% 6. 60 
Time to max. rate 1.78 1. 28^ 
• 
87 1 .35% .38 
Perc. 2-min milk 877.58 1365. ,61% 5722. 89% 1365 .64% 185. 36 
^Significant at p < .05. 
^Significant at p < .01. 
Table 7. Least-squares analysis of variance for milk flow measure­
ments with adjustment for total milking yield 
Group Cow/group Lactation Year-season 
d . f .  
Mean squares 
8 544 4 24 
Initial rate 22.04 21.97* 26.96* 57.74* 
2-min milk 64.68 56.04* 17.32^ 62.85* 
Average rate 2.62 2.51* .54 11.43* 
Total time 5.75 5.25* 
CM 00 
22.89* 
Maximum rate 38.73^ 19.62* 26.84* 18.16* 
Time to max. rate 1.74 1.26* .22 1.48* 
Perc. 2-min milk 1197.98 1304.78* 262.04 1310.84* 
^Significant at p < .01. 
^Significant at p < .05. 
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Regression on milk yield/milking 
Linear Residual Quad- Residual 
linear ratlc quad. Remainder 
1 4 1 4 3863 
3981.66* 32.26* 146.72* 8.83 3.90 
19802.69* 54.24* 1370.37* 24.70a 6.88 
1785.58* 3.39* 68.73* 2.49a .61 
1249.26* 6.10* .22 2.01 1.26 
4918.57* 5.36 696.56* 7.72 4.98 
8.51* 3.55* 1.82^ .96^ .38 
42792.99* 5189.53* 10933.32* 648.76* 167.66 
Table 8. The best linear unbiased estimators of the fixed effects in 
Model 1 for measurements of milk flow without adjustment for 
a single EM milking yield 
Initial 2-min Average 
rate milk rate 
Est. S.E. Est. S.E. Est. S.E. 
Overall mean 6.23 .14 12.99 .23 4.22 .06 
Genetic erouo 
High foundation cows -1.03 .34 -2.62 .58 -.64 .15 
Low foundation cows -1.64 .36 -3.54 .60 -.78 .15 
Unselected foundation cows -.29 .24 - .38 .41 .02 .10 
Progeny of high sires/G^^ - .05 .20 .21 .35 .12 .09 
Progeny of average sires/G^ - .39 .21 - . 64 .35 -.20 .09 
Progeny of high sires/G2 .96 .23 1.89 .38 .43 -10 
Progeny of average sires/G2 .28 .25 .60 .42 .14 .11 
Progeny of high sires/G3 1.43 .36 3.21 .56 .82 .14 
Progeny of average sires/Gg .73 .34 1.26 .58 .09 .15 
Lactation 
1 - .81 .11 -1.43 .17 -.31 .05 
2 - .19 .09 - .30 .14 -.03 .04 
3 - .08 .08 - .07 .13 .06 .04 
4 .39 .10 .72 .17 .11 .05 
> 5 .69 .15 1.07 .24 .17 .07 
Gg, Gg = generations one, two, and three. 
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Total Max. Time to max. Perc. 2-min 
time rate rate milk 
Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
5.46 .07 8.19 .14 1.36 .03 58.14 .94 
-.18 .16 -1.05 .34 -.16 .08 2.93 2.37 
-.15 .17 -1.54 .35 -.11 .08 2.41 2.45 
.02 .11 .01 .23 .07 .05 -1.90 1.68 
.18 .10 .27 .20 .02 .04 -1.09 1.44 
-.01 .10 - .45 .20 .06 .04 .43 1.44 
.20 .11 .99 .22 .11 .05 - .70 1.58 
.08 .12 - .04 .25 .08 .06 -1.57 1.74 
-.01 .16 1.51 .33 .05 .08 - . 60 2.30 
-.13 .17 .30 .34 -.13 .08 .10 2.35 
-.54 .05 - .68 .11 -.07 .03 5.35 .68 
-.20 .05 .11 .09 -.03 .02 1.99 .53 
.06 .04 .10 .09 .02 .02 -2.29 .48 
.35 .06 .34 .11 .02 .03 -2.36 .62 
.32 .08 .14 .16 .06 .04 -2.68 .93 
Table 9. The best linear unbiased estimators of the fixed effects in 
Model 1, for measurements of milk flow with adjustment for 
a single PM milking yield 
Initial 2-min Average 
rate milk rate 
Est. S.E. Est. S.E. Est. S.E. 
Overall mean 5.97 .13 12.57 .19 4.14 .04 
Genetic eroun 
High foundation cows -.04 .31 -.36 .48 -.14 .11 
Low foundation cows -.49 .32 -.95 .49 -.19 -11 
Unselected foundation cows -.34 .21 -.44 .34 -.01 .07 
Progeny of high sires/Gj^® -.26 .18 -.18 .29 -.03 .06 
Progeny of average sires/Gj^ -.26 .18 -.33 .29 -.09 .06 
Progeny of high sires/G2 .34 .20 .53 .32 .07 .07 
Progeny of average sires/G2 -.003 .22 -.07 .35 .02 .08 
Progeny of high sires/Gg .53 .30 1.10 .46 .29 .10 
Progeny of average sires/G3 .52 .30 .71 .47 .07 .11 
Lactation 
1 -.08 .10 .11 .15 .14 .04 
2 .09 .09 .31 .12 .09 .03 
3 -.23 .09 -.29 .12 .00 .03 
4 .000 .11 -.04 .14 -.13 .04 
>5 .22 .15 -.08 .20 -.10 .06 
Regression 
Mean linear reg. on milk .191 .006 .411 .007 .125 .002 
Linear reg./lactation 1 -.051 .011 -.078 .014 -.017 .004 
deviated from the mean 2 .013 .008 .018 .011 .009 .003 
3 .007 .009 -.004 .012 .005 .003 
4 .019 .011 .035 .015 .002 .004 
> 5 .026 .011 .029 .015 .000 .004 
Mean quadratic reg. on milk -.003 .001 -.010 .00 -.002 .000 
Quad. reg./lactation 1 -.002 .001 -.004 .001 -.002 .000 
deviated from the mean 2 
-.001 .001 -.001 .001 .000 .000 
3 .002 .001 .003 .001 .000 .000 
4 .000 .001 -.001 .001 .001 .000 
> 5 .001 .001 .003 .001 .001 .000 
Gj, Gg = generations one, two, and three. 
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Total Max. Time to max. Fere. 2-min 
time rate rate nri Ik 
Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
5.36 .06 8.28 .12 1.36 .03 60.39 .93 
.15 .15 -.27 .29 -.15 .08 - .40 2.32 
.27 .16 -.61 .30 -.10 .08 -1.57 2.40 
.02 .11 -.05 .20 .08 .05 -2.79 1.63 
.08 .09 .07 .17 .01 .04 - .84 1.40 
.10 .09 -.29 .17 .09 .04 - .82 1.41 
-.11 .10 .46 .19 .08 .05 2.50 1.54 
.02 .11 -.23 .22 .09 .06 - .75 1.69 
-.43 .15 .68 .29 -.01 .08 4.08 2.24 
-.09 .15 .25 .30 -.10 .08 .60 2.29 
-.21 .05 -.19 .10 -.02 .03 1.96 .71 
-.15 .05 .36 .10 -.03 .03 1.70 .59 
.00 .05 .06 .10 .00 .03 -1.02 .59 
.17 .06 .07 .12 .05 .03 -1.19 .71 
.19 .08 -.30 .16 .00 .04 -1.46 1.00 
.099 .003 .204 .006 .008 .002 - .578 .035 
.024 .006 -.030 .012 .019 .003 - .766 .070 
-.011 .005 .006 .009 .001 .003 .013 .053 
-.004 .005 .008 .010 -.007 .003 .274 .058 
-.009 .006 .013 .013 -.003 .004 .209 .074 
.000 .006 .003 .012 -.010 .003 .269 .073 
.000 .000 -.007 .001 .000 .000 - .027 .003 
.002 .001 .001 .001 .000 .000 - .026 .007 
.000 .000 -.002 .001 .000 .000 .003 .005 
.000 .000 .000 .001 .000 .000 - .004 .005 
.000 .001 -.001 .001 -.001 .000 .012 .006 
-.001 .001 .002 .001 .001 .000 .016 .007 
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Castle and Henderson (1971), Chyr et al. (1974), Foot (1935), and Dodd 
and Foot (1953). Differences in measurements of milking rate between 
pedigree selected high and low foundation cows were not significant 
with and without adjustment for milking yield. Without adjustment for 
PM milking progeny of high sires had a significantly higher average rate 
and maximum rate than progeny of average sires in generation one; 
higher initial rate, 2-min milk, average rate, and maximum rate in 
generation two; and higher 2-min milk, average rate, and maximum rate 
in generation three. 
In general, the adjustment for yield per milking has resulted in a 
marked reduction in the variation associated with the differences among 
genetic groups. This shows that the high milking rate of cows with a 
high lactation yield is likely due to their higher yield at the milking 
when measurements of milk flow were recorded. Sharaby et al. (1979) 
have suggested adjusting 2-min yield for total milking yield when 
studying milk flow rates so as not to overrate the cow that has more 
milk to give. The only significant difference in measurements of milk 
flow between génetic groups after adjusting for a single milking yield 
was in maximum rate of milking (p < .05). The linear contrasts showed 
that progeny of high sires had higher maximum rate than progeny of 
average sires in generation two (.69 + .28 lb.). Table 10 shows signifi­
cant differences between genetic comparisons for traits other than 
maximum rate. This is possible because single degrees of freedom 
tests are more sensitive than overall tests. 
The random effect of cows on measurements of milk flow was highly 
significant before adjustment for milking yield. Cow's effect stayed 
Table 10. Linear functions and standard errors of the selected linear 
contrasts between the BLUE's of the genetic groups 
Initial 2-min 
Linear contrasts rate milk 
Foundation vs. G^, G^, G^® 
w/o 
- .44 + 
-1.48 + 
.26 
.30** 
- .88 + .41* 
-3.27 + .50** 
G^ vs. Gg w 
w/o 
- .42 + 
- .48 + 
.21* 
.24** 
- .49 + .33 
-1.46 + .40** 
Gj^ vs. Gg w 
w/o 
- .79 ± 
-1.30 + 
.28** 
.31** 
-1.16 + .44** 
-2.45 + .53** 
Gg vs. Gg w 
w/o 
- . 36 + 
- .46 + 
.26 
.29 
- .68 + .40 
- .99 + .49* 
High vs. low/foundation w .45 ± .37 .59 + .59 
w/o .60 + .41 .92 + .70 
Progeny of high vs. average w - .002+ .26 .15 + .41 
sires/G^ w/o .34 + .29 .86 + .50 
Progeny of high vs. average w .34 + .29 .60 + .45 
sires/Gg w/o .67 + .33* 1.29 + .55* 
Progeny of high vs. average w .01 + .42 .38 + .65 
sires/G^ w/o .70 + .47 1.95 + .80* 
^Gi, G2, G3 = first, second and third generation of progeny of 
high and breed average sires. 
*Signifleant at p < .05. 
••Significant at p < .01. 
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highly significant after adjusting for the effect of milking yield. 
This means that even for cows of the same level of production per 
milking, a significant amount of the variation in measurements of 
milk flow was due to the cow. It is thus apparent that factors such 
as the anatomical structure of the teat and other important factors 
to evacuate the mammary gland must vary. This agrees with the results 
of Touchberry and Markos (1970). 
Before adjusting for the effect of milking yield, lactation number 
had a significant (p < .01) effect on all measurements of milk flow 
except time to maximum rate. Measurements of milking rate and milking 
time increased with the increase in age. The BLUEs of the fixed ef­
fect of lactation number show that most of the change in milk flow 
measurements happened from lactation one to two. After adjusting for 
the effect of milking yield, the effect of lactation was significant 
on initial rate, maTHmiim rate, and 2-inin milk, but no consistent trend 
was found in these measurements with age Increases. Adjustment for 
milking yield has caused a reduction in the variation associated with 
differences among lactations. This indicates that the changes in 
measurements of milk flow that take place with advance in age are a 
reflection of the changes in yield with advance in age. 
The fixed effects of year-seasons of calving were highly signifi­
cant for all measurements of milk flow included in this study with and 
without adjustment for milking yield. No consistent trend was shown in 
the BLUEs of the effects of year-seasons. This was particularly true 
when adjustments for milk yield were made (Appendix A, Tables 47 and 48). 
Measurements of milking rate and milking time showed significant 
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(p < .01) linear regressions on total milking yield. The quadratic 
partial regressions were significant (p < .01) for measurements of 
milkitig rate and significant (p < .05) for time to maxl-mnn rate, as 
shown in Table 6. The BLUEs of these partial regressions within 
lactations are in Table 9. The BLUEs were of a similar magnitude 
within measurements of milking rate and within measurements of milking 
time. Figure 1 shows the Increases in the predicted values of 2-min 
milk as the total FM milking yield Increases. Only the curves of the 
average and the within lactations one and two regressions of 2-min 
milk on total milking yield are plotted in Figure 1. Curves of pre­
dicted 2-min milk within other lactations were not plotted but pre­
dicted points on these curves are in Table 11 with the prediction 
equation to calculate these points. At low levels of milking yield 
(5-25 lb.), the Increase in PM milking yield caused higher increase 
in 2-min milk than at high levels of milking yield (25-45 lb.). 
Johansson (1963) stated that the peak flow during milking increases 
at a decreasing rate with increasing yield of milk; until a certain 
yield is reached, there is no future Increase in the rate of flow. 
The increase in milking yield caused almost the same amount of increases 
in 2-min milk in all lactations at low levels of production. The 
curves separated at higher level of milking yield and the same amount 
of increase in milking yield caused a higher amount cf increase in 2-mln 
milk as lactation number Increased. The highest 2-mln milk oc­
curred at 35 lb. PM milking yield in lactation one and at 40-45 lb. 
in later lactations, the average being at 40 lb. PM milking yield. 
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Figure 1. Regression of the predicted 2-min milk on PM milking yield 
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Table 11. The predicted values of the points on the curves of the regres­
sion of 2-min milk on total milking yield within lactations 
Predicted 2-mln vleld^ 
PM milking Average 
yield level 
Lactation 
1 
Lactation 
2 
Lactation 
3 
Lactation 
4 
Lactation 
> 5 
5 3. ,78 4. 11 3, ,14 4. 54 3. 04 4. ,09 
10 7, 10 7. ,51 6. ,74 7. 46 6. 64 7. ,14 
15 9. 94 10. ,26 9. ,79 10. 05 9. 71 9, .87 
20 12. 29 12. ,34 12. ,28 12. 30 12. 27 12, .28 
25 14. 18 13. 77 14. 23 14. 21 14. 31 14. 36 
30 15. 58 14. 53 15. ,62 15. 78 15. 83 16. 12 
35 16. 50 14. 64 16. 47 17. 01 16. 84 17. 55 
40 16. 95 14. 08 16. 76 17. 91 17. 32 18. 66 
45 16 .91 12. 87 16. 50 18. 46 17. 29 19. 45 
^The prediction equations to calculate these points are: 
For the average regression: 
Y = li + b^(X - X) + b^CX - X)^ 
For the within Ith lactation regression: 
Y = P.+ b^(X - X) + - X) + bqCX - X)^ + b^Q(X - X)^ 
in which: 
A 
Y = the predicted 2-min milk. 
W. = the overall meau of 2-min milk. 
b^, bq = the BLUEs of the average linear and quadratic regres­
sions of 2-min milk on total milking yield. 
b^y, b^Q = the BLUEs of the linear and quadratic regressions 
within the ith lactation. 
X, X = the production level of a single PM milking yield and 
the mean of PM milking yield. 
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Repeatabilitles 
The repeatability of successive records on. the same individual 
may be used as a criterion of the usefulness of a measurement in 
subsequently comparing groups of animals. Components of variance used 
to estimate repeatability were obtained from the analysis of Model I 
using Method III of Henderson. Repeatability estimates of measurements 
of milk flow with adjustment for total milking yield ranged from .23-.47, 
and without adjustment from .22-.45 (Table 12). A comparison of the re-
peatabilities obtained by using adjusted rather than the unadjusted com­
ponents of variance indicates that some gain in repeatability of 2-min milk 
is achieved by adjusting for the total milking yield. The corresponding 
gain in repeatability for other measurements of milk flow is quite 
small. Adjusting each record of 2-min milk for the total FM milking 
yield of the cow at the time of measurement caused higher variations 
between cows and lower variations within cows (t = .47). 
Average and maximum rates have been suggested as the best measure­
ments of milking rate, besides 2-min milk, by many researchers. Re­
peatability estimates obtained in this study ranged from .26-.28 for 
average rate and .26-.27 for maximum rate. Two-min milk had higher 
estimates of repeatability than other measures of milking rate. Also, 
2-min milk was highly correlated with other measurements of milking rate. 
This makes 2-min milk a desirable measurement to be used in studying 
milking rate. However, in later results, its heritability is lower than 
some traits. 
Estimates of repeatability across and by lactations obtained in 
this study were lower than those given in the literature. Table 13 
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Table 12. Estimates of repeatability and phenotypic correlations of 
measurements of milk flow from Model I 
Repeat-
abilirv Phenotypic correlations 
Est. S.E. 2 3 4 5 6 7 
1. Initial rate 
b 
w 
w/o 
.37 
.34 
.02 
.02 
.63 
.74 
.31 
.54 
-.30 
.00 
.42 
.56 
-.46 
-.37 
.55 
.35 
2. 2-min milk w 
w/o 
.47 
.38 
.02 
.02 
.42 
.70 
-.40 
.06 
.51 
.60 
-.48 
-.30 
.74 
.36 
3. Average rate w 
w/o 
.28 
.26 
.02 
.02 
-.91 
-.29 
.18 
.45 
-.15 
- .06 
.31 
.06 
4. Total time w 
w/o 
.27 
.25 
.02 
.02 
-.17 
.09 
.17 
.18 
-.34 
-.41 
5. Maximum rate w 
w/o 
.27 
.26 
.02 
.02 
-.09 
-.05 
.26 
.12 
6. Time to max. rate w 
w/o 
.23 
.22 
.02 
.02 
-.51 
-.51 
7. Percent 2-min milk w 
w/o 
.46 
.45 
.02 
.02 
^Correlations > .06 are significant at 5% level. 
Correlations > .08 are significant at 1% level. 
= with adjustment for a single PM milking yield, 
w/o = without adjustment for a single PM milking yield. 
Table 13. Estimates of repeatability of measurements of milk flow, by lactations from Model III 
Lactation 
1 2 3 4 > 5 
Est. S.E. Est, S.E. Est. S.E. Est. S.E. Est. S.E. 
Initial rate w^ .38 .03 .32 .04 .44 .05 .41 .06 .62 ,06 
w/o .37 .03 ,25 .04 .29 .05 .23 .06 .37 .08 
2-min milk w .56 .03 ,55 .03 .53 .04 .60 ,05 .63 ,06 
w/o .50 .03 .32 .04 .31 .05 .30 ,06 .29 .08 
Average rate w .29 .03 .24 .04 .21 .05 .29 .06 .37 .08 
w/o .32 .03 .15 .04 .08 .05 .12 .06 .16 .07 
Maximum rate w .40 .03 .16 .04 .58 .04 .60 .05 .60 .06 
w/o .39 .03 .16 .04 .29 .05 .36 .06 .34 .08 
Total time w .30 .03 .24 .04 .16 .05 .24 .06 .39 .08 
w/o .27 .03 .17 .04 .11 .05 .19 .06 .29 .08 
Time to max. rate w .25 .03 .23 .04 .19 .05 .36 .06 .28 .08 
w/o .25 .03 .23 .04 .19 .05 .35 .06 .29 .08 
Perc. 2-min milk w .52 .03 .44 .04 .47 .05 .59 .05 .55 .07 
w/o .48 .03 .42 .04 .46 .05 ,58 .05 .54 .07 
No, of observations 1319 848 547 343 266 
^w = with adjustment for a single PM milking yield, 
w/o = without adjustment for a single PM milking yield. 
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shows repeatability estimates of measurements of milk flow by lacta­
tions. Higher estimates of repeatability were generally obtained by 
adjusting for total milking yield. Differences between repeatability 
estimates of the adjusted and the unadjusted measurements of milking 
rate and total milking time were higher in later lactations, being 
the highest in lactation > 5. Estimates of repeatability of initial 
rate, 2-min milk, and maximum rate were higher in each lactation than 
of other measurements of milk flow. With adjustment for milking yield, 
repeatability estimates were higher as the cows got older. This means 
that repeated measurements may not be needed, to as large an extent, 
in later lactations to characterize individual cows if measurements of 
milk flow are adjusted for total milking yield. 
Heritabilities 
Estimates of heritability were obtained from paternal half-
sibs. Components of variance used to estimate heritability were 
obtained from the analysis of Model IV using Method III of Hender­
son. Estimates of heritability were obtained with and without ad­
justment for a single PM milking yield and with and without in­
cluding the fixed effects of genetic groups in Model IV (Tables 14 
and 15). 
Estimates of heritability obtained in this study were lower than 
those in the literature because they were calculated from a rather 
small population and within one herd. Heritability estimates calculated 
from the model with genetic group were greater than from the model with­
out genetic group. Including the effects of genetic groups reduced 
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Table 14. Estimates of heritability and genetic correlations of mea­
surements of milk flow, model with genetic group 
Herit­
ability Genetic correlations^ 
Est. S.E. 2 3 4 5 6 7 
1. Initial rate wb 
w/o 
.248 
.224 
.048 
.045 
.87 
.85 
.62 
.68 
.94 
.96 
- .66 
- .99 
_c 
.87 
.92 
2. 2-min milk w 
w/o 
.156 
.175 
.037 
.039 
.78 
.88 
.90 
.92 
- .81 
- .86 -.79 
.95 
.86 
3. Average rate w 
w/o 
.196 
.168 
.042 
.038 
.76 
.85 
-1.0 
-1.0 
-.94 
-.51 
.75 
.77 
4. Maximum rate w 
w/o 
.264 
.227 
.050 
.051 
- .79 
- .85 - ,88 
.83 
.78 
5. Total time w 
w/o 
.113 
.063 
.032 
.025 
.86 
1.0 
-.78 
-.81 
6. Time to max. rate w 
w/o 
.010 
.019 
.018 
.020 
— 
7. Percent 2-min milk w 
w/o 
.130 
.134 
.034 
.034 
^All correlations were significant at 1% level. 
w = with adjustment for a single PM milking yield, 
w/o = without adjustment for a single PM milking yield. 
^Correlations were beyond the range. 
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Table 15. Estimates of heritabillty and genetic correlations of mea­
surements of milk flow, model without genetic group 
Herit-
abilitv Genetic correlations 
Est. S.E. 2 3 • 4 5 6 7 
1. Initial rate w^ 
w/o 
.219 
.244 
.045 
.048 
.87 
.89 
.59 
.74 
.92 
.96 
- .67 
- .56 
_c 
-1.0 
.88 
.82 
2. 2-min milk w 
w/o 
.158 
.251 
.037 
.049 
.74 
.91 
.89 
.93 
- .80 
- .35 - . 64 
.95 
.66 
3. Average rate w 
w/o 
.158 
.229 
.037 
.046 
.77 
.89 
-1.0 
- .58 
- .70 
- .31 
.67 
.52 
4. Maximum rate w 
w/o 
.261 
.329 
.050 
.058 
- .82 
- .46 
-1.0 
- .66 
.84 
.65 
5. Total time w 
w/o 
.088 
.050 
.028 
.023 
.77 
1.0 
-.72 
-.66 
6. Time to max. rate w 
w/o 
.023 
.028 
.020 
.020 
— 
7. Percent 2-min milk w 
w/o 
.121 
.110 
.033 
.031 
^All correlations were significant at 1% level. 
w = with adjustment for a single PM milking yield, 
w/o = without adjustment for a single PM milking yield. 
c 
Correlations were beyond the range. 
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the error variance which caused greater estimates of heritability. 
Including the effect of genetic group in the model, heritability 
estimates of initial rate, average rate, maximum rate, and total 
m-ilTfing time were higher with than without adjustment for one PM milking 
yield. Adjusting for total milking yield gives smaller error variance 
(o^); thus, h^ estimates are higher. Estimates of heritability for 
measurements of milking rate before adjustment for milking yield were 
.13-.23 and after adjustment .13-.26. Total milking time had 
heritability estimates of .06 and .11 before and after adjustment for 
milking yield. 
Excluding the effect of genetic group in the model, heritability 
estimates of initial rate, 2-min milk, average rate, and maximum rate 
were lower when these measurements were adjusted for total milking 
yield. Estimates of heritability for measurements of milking rate 
before adjustment were .11-.33 and after adjustment .12-.26. Total 
milking time had heritability estimates of .05 and .09 before and after 
adjustment for total milking yield. 
The standard errors of the heritability estimates in Tables 14 
and 15 are low. Harvey (1977) mentioned that these standard errors are 
approximations since these are computed as if the analysis was simply 
a "between family" and "within family" analysis with unequal numbers 
but with no adjustments for fixed effects. Therefore, the standard 
errors should be considered as minimum estimates of the true standard 
errors. 
Estimates of heritability for measurements of milking rate can 
be compared to a heritability level of .2 and .3 for milk production. 
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This indicates that genetic progress in these traits from selection 
would be at least as rapid as for milk yield. 
Phenotypic and genetic correlations 
Phenotypic and genetic correlations among measurements of milking 
rate were high and positive (Tables 12, 14 and 15). Total milking time 
had high negative phenotypic and genetic correlations with measurements 
of milking rate. This was expected and reported by Latinovic and Panic 
(1981) and Okubo (1980). The genetic correlations between measurements 
of milking rate (initial rate, 2-min milk, average rate, maximum rate, 
and percent 2-min milk) and milking time stayed high after adjusting 
for total milking yield. This means that milking time which depends 
mainly on milk yield, as reported in the literature, is still highly 
affected by the rate in which cows milk. 
The highest phenotypic and genetic correlations of any îssasure-
ment of milking rate with the other measures was for 2-min milk. 
From the economic point of view, the 2-min milk is reasonably easy 
to be recorded. Also, 2-min milk was found to have higher estimates 
of repeatability than other measurements of milking rate. These characters 
make 2-min milk an easy and good indicator of milking rates. 
Udder and Teat Measurements 
Mixed model and least-squares analyses 
The means, standard deviations and coefficients of variation of udder 
and teat measurements are listed in Table 4. There is a considerable 
amount of variation in the depth of cleft records within genetic groups. 
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The traits of udder height minus hock height and height of the lowest 
point of the udder minus hock height had observations ranging from 
positive to negative vAich lowered their means and forced their coef­
ficients of variation to increase. The coefficients of collapsibility 
and expansion were also variable. 
The least-squares analysis of variance from Model II without adjust­
ment for PM milking yield at the day of measurements is in Table 16. 
There were significant differences (p < .01) between genetic groups 
in measurements of udder height, udder height minus hock height, the 
lowest point of the udder minus hock height, and the total distances 
between teats (teat prints) pre- and postmilking. 
Adjusting udder and teat measurements for a single PM milking yield at 
the day these measurements were taken did not reduce the significance of 
the effects of genetic group on these measurements (Table 17). This means 
that cows producing different levels of lactation milk yield have udders 
with significantly different measurements, even if these cows were 
giving the same amount of milking yield at the day measurements were 
taken. 
The BLTJEs of genetic groups, lactations, and linear and quadratic 
effects of days post parturn and milking yield are in Tables 18 and 19 
and for year-seasons in Appendix A, Tables 49 and 50. 
Selection for higher lactation milk yield caused cows with udders 
closer to the ground. Progeny of high sires had udders closer to the 
ground than progeny of breed average sires in generations one and two 
with differences in BLUE s of 2.62 cm and 3.13 cm without adjustment 
for milking yield (Table 20) and 2.40 cm and 2.82 cm with adjustment 
Table 16. Least-squares analysis of variance for udder and teat mea­
surements without adjustment for a single PM milking 
Group Cow/ 
group 
Lactation 
d.f. 
Mean squares 
8 546 4 
Udder height 205.74® 34.45® 254.92® 
Depth of cleft 2.99 3.36® 6.61® 
Teat prints premiIking 548.87® 150.28® 721.84® 
Teat prints postmi Iking 478.89* 131.90® 333.47® 
Teat prints diff. 40.66 32.74® 86.55® 
Coef. of collap. .0098 .0073® .0031 
Coef. of expansion .0348 .0217® .0069 
(Udder-hock) height 184.30® 36.30® 272.28® 
(Lowest point-hock) height 196.14® 36.82® 297.55® 
Fore teats length .71 1.62® 2.00® 
Rear teats length 1.91 1.14® 1.98® 
^Significant at p < .01. 
^Significant at p < .05. 
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Year-
season 
Linear 
Regression on days post parturn 
Residual 
linear 
Quad­
ratic 
Residual 
quad. 
Remainder 
24 691 
25.11* 
7.70* 
153.26* 
94.64* 
34.03 
.0060 
.0167 
a 
21.29 
31.70 
a 
1.97 
1.49 
a 
3.31 
3.64 
225.91* 
275.48* 
2.46 
.0013 
.0291 
5.60 
3.63 
.02 
.21 
7.61 
4.56^ 
97.21* 
60.69^ 
11.03 
.0013 
.0029 
5.43 
7.25 
.87* 
.65^ 
6.54 
2.47 
3.06 
.29 
5.23 
.0002 
.0031 
25.81 
8.64 
.08 
.15 
2.86 
.83 
68.85 
20.21 
34.36 
.0054 
.0115 
11.55 
12.72 
.02 
.13 
4.50 
1.82 
30.39 
21.57 
24.22 
.0044 
.0114 
10.72 
14.95 
.28 
.22  
Table 17. Least-squares analysis of variance for udder and teat mea­
surements with adjustment for total milking yield 
Group Cow/group 
Lacta­
tion 
d.f. 
Mean squares 
8 546 4 
Udder height 154.70* 33.08* 114.40* 
Depth of cleft 3.06 3.37* 6.32* 
Teat prints premilking 246.12^ 128.18* 141.14* 
Teat prints postmiIking 298.72^ 126.23* 112.84* 
Teat prints diff. 58.93^ 26.42* 14.75 
Coef. of collap. .0156^ .0067* .0034 
Coef. of expansion .0552* .0200* .0099 
(Udder-hock) height 117.54* 33.82* 113.20* 
(Lowest point-hock) height 119.31* 34.05* 112.21* 
Fore teats length .94 1.60* .59 
Rear teats length 2.07 1.12* .87* 
^Significant at p < .01. 
^Significant at p < .05. 
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Year-
season 
Regression on milk vield/milking 
Linear Residual 
linear 
Quad­
ratic 
Residual 
quad. 
24 
23.87 
7.47® 
89.98* 
78.21* 
20.55 
.0051 
.0145 
19.16* 
29.20* 
1.80* 
1.42* 
100.03 
2.83 
2278.14® 
318.98® 
892.21® 
.0667 
.1973 
a 
a 
224.98 
245.61° 
1.95' 
1.19 
4.42 
.50 
74.87* 
24.42 
30.63 
.0061 
.0170 
14.46 
26.21 
.54 
.27 
2.23 
.11 
167.33* 
33.71 
50.83 
.0175* 
.0370 
1.20 
28.24 
.11 
.03 
2.54 
3.22 
51.82 
28.08 
5.32 
.0015 
.0054 
9.93 
14.29 
.28 
.18 
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Table 17. Continued 
Linear Residual 
linear 
Quad­
ratic 
Residual 
quadratic Remainder 
d.f. 
Mean squares 
1 4 1 4 681 
Udder height 3.92 7.33 5.03 1.46 4.34 
Depth of cleft 3.04 4.85^ 1.61 .66 1.82 
Teat prints premiIking 263.09* 73.04^ 9.03 26.88 23.97 
Teat prints postmiIking 294.09* 49.79^ 3.82 12.48 20.70 
Teat prints diff. .86 7.16 1.10 11.05 22.00 
Coef. of collap. .0009 .0010 .0002 .0023 .0042 
Coef. of expansion .0252 .0021 .0000 .0033 .0109 
(Udder-hock) height 3.95 . 5.64 22.98 13.26 10.50 
(Lowest point-hock) height 2.78 3.43 7.58 13.93 14.67 
Fore teats length 
CM O
 .74^ .26 .05 .28 
Rear teats length .20 .58^ .33 .19 .22 
Table 18. The best linear unbiased estimators of the fixed effects 
in Model II, for udder and teat measurements without ad­
justment for milking yield 
Udder height Depth of cleft 
Est. S.E. Est. S.E. 
Overall mean 51.10 .30 3.54 .10 
Genetic group 
High foundation cows -3.53 .73 .04 .23 
Low foundation cows -2.14 .72 -.25 .23 
Unselected foundation cows - .09 .53 -.14 .16 
Progeny of high sires/Gi® -1.16 .44 -.20 .13 
Progeny of average sires/G^ 1.46 .44 -.04 .13 
Progeny of high sires/G2 - .24 .47 .19 .15 
Progeny of average sires/Gg 2.89 .52 .08 .16 
Progeny of high sires/Gg .66 .67 .23 .22 
Progeny of average sires/G3 2.16 .66 .10 .22 
Lactation 
1 7.04 .22 -.39 .09 
2 2.27 .19 .12 .10 
3 - .76 .18 .14 .10 
4 -3.31 .24 .14 .13 
5 -5.25 .32 -.02 .16 
Mean linear reg. on days post par turn .0204 .0122 .0040 .0068 
Linear reg./lactation 1 - .0335 .0187 .0251 .0098 
deviated from the mean 2 - .0073 .0187 -.0096 .0104 
3 .0013 .0229 .0042 .0129 
4 - .0101 .0272 -.0196 .0154 
5 .0497 .0274 -.0002 .0158 
Mean quadratic reg. on days post partum .0010 .0011 -.0004 .0007 
Quad. reg./lactation 1 - .0010 .0011 .0003 .0007 
deviated from the mean 2 - .0014 .0018 -.0003 .0010 
3 - .0007 .0019 -.0004 .0010 
4 .0005 .0028 .0011 .0016 
5 .0026 .0030 -.0006 .0017 
62» Gg = generations one, two, and three. 
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Teat prints Teat prints Teat prints Coef. of 
premi Iking postmi Iking dif f. collap. 
Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
65.90 .65 50.35 .59 15.89 .33 .2352 .0049 
2.89 1.52 3.80 1.41 - .72 .71 -.0166 .0108 
3.33 1.51 2.89 1.40 .41 .72 .0011 .0109 
2.45 1.10 1.81 1.02 .83 .52 .0060 .0078 
1.19 .91 1.52 .85 - .31 .42 -.0072 .0064 
-1.69 .90 -1.41 .84 - .38 .42 .0011 .0064 
.22 .99 .40 .91 - .34 .47 -.0102 .0071 
-3.27 1.08 -3.43 1.00 .31 .52 .0115 .0079 
- .49 1.42 -1.15 1.31 .77 .72 .0060 .0107 
-4.62 1.39 -4.43 1.28 - -56 .71 .0083 .0105 
-9.42 .50 -7.53 .44 -2.20 .32 .0057 .0045 
-1.27 .47 -1.75 .41 .36 .36 .0112 .0050 
.83 .45 .90 .38 - .23 .38 -.0071 .0052 
3.85 .60 3.04 .51 .75 .48 -.0011 .0067 
6.03 .77 5.35 .67 1.32 .57 -.0087 .0080 
- .0975 .0305 - .1075 .0259 .0147 .0244 .0005 .0003 
.0901 .0460 .0789 .0394 .0214 .0346 .0002 .0005 
.0209 .0469 .0180 00398 .0009 .0372 .0003 .0005 
.0506 .0575 .0688 .0487 - .0250 .0463 -.0006 .0006 
.0714 .0685 .0131 .0579 .0535 .0554 .0007 .0008 
- .2330 .0692 - .1789 .0584 - .0508 .0573 -.0005 .0008 
- .0006 .0029 .0005 .0024 - .0005 .0024 .0000 .0000 
.0005 .0029 - .0004 .0024 .0002 .0024 .0000 .0000 
.0066 .0046 .0007 .0039 .0033 .0036 .0001 .0001 
.0076 .0047 .0026 .0039 .0060 .0038 .0001 .0001 
- .0059 .0072 - .0071 .0060 .0034 .0058 .0000 .0001 
- .0088 .0075 .0043 .0064 - .0129 .0063 -.0002 .0001 
Table 18. Continued 
(Udder-hock) Coef. of 
height expansion 
Est. S.E. Est. S.E. 
Overall mean .3209 .0084 -1.30 .33 
Genetic group 
High foundation cows -.0291 .0187 -2.25 .77 
Low foundation cows -.0009 .0188 - .59 .77 
Unselected foundation cows .0059 .0135 - .39 .55 
Progeny of high sires/Gi* -.0170 .0111 -1.51 .46 
Progeny of average sires/G^ -.0008 .0110 .96 .45 
Progeny of high sires/G2 -.0178 .0122 - .69 .50 
Progeny of average sires/Gg .0207 .0135 2.17 .55 
Progeny of high sires/Gg .0082 .0183 .28 .73 
Progeny of average sires/Gg .0308 .0179 2.02 .71 
Lactation 
1 .0110 .0076 7.12 .27 
2 .0175 .0083 2.12 .27 
3 -.0101 .0084 - .66 .27 
4 -.0012 .0109 -3.23 .35 
5 -.0173 .0131 -5.36 .44 
Mean linear reg. on days post partum .0012 .0006 .0355 .0180 
Linear reg./lactation 1 -.0001 .0008 - .0227 .0267 
deviated from the mean 2 .0001 .0008 .0157 .0277 
3 -.0009 .0011 .0301 .0341 
4 .0014 .0013 - .0129 .0406 
5 -.0005 .0013 - .0101 .0412 
Mean quadratic reg. on days post partum .0000 .0001 .0014 .0017 
Quad. reg./lactation 1 .0000 .0001 - .0016 .0017 
deviated from the mean ^ .0001 .0001 .0030 .0027 
3 .0001 .0001 - .0028 .0028 
4 .0001 .0001 .0020 .0043 
5 -.0003 .0001 - .0006 .0045 
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(Lowest point- Fore teats Rear teats 
hock) height length length 
Est. S.E. Est. S.E. Est. S.E. 
-2.25 .34 5.37 
-2.16 .78 -.03 
- .97 .78 .16 
- .53 .56 .06 
-1.36 .46 -.01 
1.09 .46 .05 
- .88 .50 -.07 
2.07 .56 .12 
.43 .74 -.16 
2.32 .73 -.13 
7.15 .29 -.30 
2.19 .31 .02 
- .56 .31 .04 
-3.61 .40 .12 
-5.16 .50 .13 
.0384 .0207 -.0012 
- .0054 .0301 -.0096 
.0142 .0317 -.0128 
.0196 .0391 .0012 
- .0421 .0468 .0089 
.0137 .0477 .0123 
.0001 .0020 .0001 
- .0004 .0020 -.0001 
.0048 .0031 .0002 
- .0018 .0032 -.0001 
.0024 .0049 .0002 
- .0050 .0052 -.0002 
.07 4.61 .06 
.16 -.31 .13 
.15 -.01 .13 
.11 -.03 .09 
.09 .09 .08 
.09 .12 .08 
.10 .01 .08 
.11 .14 .09 
.14 .03 .12 
.14 -.04 .12 
.05 -.38 .04 
.05 -.03 .04 
.04 .07 .04 
.06 .07 .05 
.08 .28 .07 
.0029 -.0019 .0026 
.0045 -.0105 .0039 
.0045 -.0026 .0039 
.0055 -.0007 .0048 
.0066 .0105 .0057 
.0066 .0033 .0058 
.0003 .0002 .0002 
.0003 -.0001 .0002 
.0004 -.0002 .0004 
.0004 .0002 .0004 
.0007 .0001 .0006 
.0007 -.0001 .0006 
Table 19. The best linear unbiased estimators of the fixed effects 
in Model II, for udder and teat measurements with ad­
justment for milking yield 
Depth of 
Udder height cleft 
Est. S.E. Est. S.E. 
Overall mean 50.87 .31 3.54 .11 
Genetic erouo 
High foundation cows -3.50 .72 .06 .23 
Low foundation cows -2.15 .71 -.21 .23 
Unselected foundation cows - .01 .52 -.16 .16 
Progeny of high sires/G^® -1.07 .44 -.21 .14 
Progeny of average sires/G^ 1.33 .43 -.06 .13 
Progeny of high sires/G2 - .14 .47 .20 .15 
Progeny of average sires/G2 2.69 .51 .05 .17 
Progeny of high sires/Gg .83 .66 .24 .22 
Progeny of average sires/G^ 1.98 .65 .09 .22 
Lactation 
1 6.48 .25 -.47 .11 
2 2.50 .22 .14 .12 
3 - .58 .22 .26 .13 
4 -3.11 .29 .05 .16 
5 -5.29 .36 .03 .19 
Mean linear reg. on days post partum .0205 .0120 .0029 .0068 
Linear reg./lactation 1 - .0397 .0185 .0257 .0098 
deviated from the mean 2 - .0078 .0185 -.0083 .0104 
3 .0038 .0226 .0055 .0129 
4 - .0008 .0270 -.0207 .0155 
5 .0444 .0273 -.0021 .0160 
Mean quadratic reg. on days post partum .0009 -.0003 .0007 
Quad. reg./lactation 1 - .0008 .0011 .0001 .0007 
deviated from the mean 2 .0001 .0018 -.0001 .0010 
3 - .0006 .0018 -.0016 .0011 
4 - .0005 .0028 .0010 .0016 
5 .0018 .0030 .0000 .0018 
Gg, Gg = generations one, two, and three. 
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Teat prints Teat prints Teat prints Coef. of 
premi Iking postmi Iking diff. collap. 
Est. S.E, Est. S.E. Est. S.E. Est. S.E. 
65.77 .62 50.23 .61 15.79 .33 .2380 .0051 
3.17 1.41 3.91 1.39 -.70 .63 -.0165 .0103 
3.98 1.40 3.15 1.38 .76 .64 .0041 .0104 
1.69 1.02 1.51 1.01 .39 .46 .0019 .0075 
.81 .85 1.12 .84 -.83 .38 -.0114 .0062 
-1.19 .84 -1.24 .83 .05 .38 .0047 .0061 
- .43 .92 .16 .90 — .80 .42 -.0139 .0068 
-2.67 1.00 -3.19 .99 .71 .47 .0151 .0075 
-1.04 1.31 -1.31 1.29 .41 .65 .0027 .0102 
-3.82 1.29 -4.12 1.27 .02 .64 .0133 .0100 
-6.54 .53 -6.39 .51 -.28 .36 .0223 .0053 
-1.41 .50 -1.73 .46 .24 .40 .0093 .0058 
.21 .50 .88 .47 -.95 .43 -.0151 .0062 
2.72 .65 2.25 .60 .44 .55 -.0015 .0078 
5.01 .80 4.99 .75 .55 .63 -.0150 .0091 
- .1036 .0274 - .1105 .0256 .0106 .0229 .0005 .0003 
.1136 .0415 .0914 .0389 .0286 .0323 .0002 .0005 
.0198 .0421 .0150 .0392 .0089 .0349 .0004 .0005 
.0324 .0516 .0614 .0480 -.0406 .0434 -.0008 .0006 
.0337 .0617 - .0127 .0574 .0506 .0522 .0007 .0008 
- .1995 .0625 - .1551 .0581 -.0475 .0544 -.0005 .0008 
.0020 .0026 .0013 .0024 .0014 .0022 .0000 .0000 
- .0021 .0026 - .0013 .0024 -.0017 .0023 .0000 .0000 
- .0015 .0041 - .0025 .0038 -.0014 .0034 .0000 .0000 
.0056 .0042 .0020 .0039 .0047 .0036 .0000 .0001 
- .0013 .0065 - .0040 .0060 .0041 .0055 .0000 .0001 
- .0007 .0070 .0059 .0065 -.0057 .0061 -.0001 .0001 
Table 19. Continued 
Depth of 
Udder height cleft 
Est. S.E. Est. S.E. 
Overall mean 50.87 .31 3.54 .11 
Mean linear reg. on milk/milking - .1120 .0187 .0059 .0097 
Linear reg./lactation 1 - .0893 .0416 -.0349 .0207 
deviated from the mean 2 - .0040 .0261 .0070 .0142 
3 - .0128 .0279 -.0012 .0157 
4 .0376 .0386 .0073 .0208 
5 .0685 .0326 .0218 .0186 
Mean quadratic reg. on milk/milking .0009 .0015 -.0013 .0008 
Quad. reg./lactation 1 - .0058 .0032 .0003 .0015 
deviated from the mean 2 .0003 .0026 .0004 .0014 
3 .0041 .0025 -.0012 .0014 
4 .0008 .0030 .0018 .0017 
5 .0007 .0028 -.0013 .0016 
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Teat prints Teat prints Teat prints Coef. of 
premilking pos tmi Iking diff. col lap. 
Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
.77 .62 50.23 .61 15.79 .33 .2380 .0051 
.5418 .0419 .2201 .0393 .3348 .0317 .0028 .0004 
.1103 .0919 - .0248 .0868 -.0843 .0677 -.0012 .0010 
.0750 .0590 - .0057 .0552 .0686 .0473 .0010 .0007 
.1659 .0634 .0794 .0592 .0874 .0528 .0012 .0008 
.0909 .0869 .0194 .0814 -.0878 .0691 -.0012 .0010 
.0398 .0742 - .0684 .0692 .0161 .0624 .0002 .0009 
.0057 .0033 - .0004 .0031 -.0058 .0026 -.0001 .0000 
.0030 .0069 .0010 .0065 -.0037 .0049 -.0001 .0001 
.0014 .0058 - .0004 .0055 -.0016 .0046 .0000 .0001 
.0112 .0058 - .0098 .0052 -.0005 .0046 .0000 .0001 
.0071 .0069 .0033 .0064 .0008 .0056 .0000 .0001 
.0085 .0063 .0059 .0059 .0050 .0054 .0001 .0001 
Table 19. Continued 
Coef. of (Udder-hock) 
expansion height 
Est. S.E. Est. S.E. 
Overall mean .3243 .0088 -1.55 .34 
Genetic erouo 
High foundation cows -.0286 .0180 -2.08 .75 
Low foundation cows .0044 .0181 - . 66 .75 
Unselected foundation cows -.0013 .0130 - .32 .54 
Progeny of high slres/Gi* -.0240 .0107 -1.35 .45 
Progeny of average slres/Gi .0050 .0106 .76 .44 
Progeny of high sires/G2 -.0240 .0118 - .53 .48 
Progeny of average slres/G2 .0266 .0131 1.92 .53 
Progeny of high sires/Gg .0026 .0176 .53 .71 
Progeny of average sires/Gg .0392 .0172 1.72 .69 
Lactation 
1 .0386 .0089 6.25 .32 
2 .0148 .0094 2.29 .32 
3 -.0234 .0100 - .45 .33 
4 -.0016 .0128 -2.87 .42 
5 -.0284 .0150 -5.21 .50 
Mean linear reg. on days post partum .0012 .0005 .0339 .0179 
Linear reg./lactation 1 .0000 .0001 - .0305 .0263 
deviated from the mean 2 .0002 .0008 .0139 .0274 
3 -.0011 .0010 .0321 .0337 
4 .0014 .0012 .0071 .0404 
5 -.0005 .0013 - .0267 .0412 
Mean quadratic reg. on days post partum .0000 .0001 .0014 .0017 
Quad. reg./lactation 1 .0000 .0001 - .0016 .0017 
deviated from the mean 2 .0000 .0001 .0049 .0027 
3 .0001 .0001 - .0024 .0028 
4 .0001 .0001 .0004 .0042 
5 -.0001 .0001 - .0013 .0046 
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(Lowest point- Fore teats Rear teats 
hock) height length length 
Est. S.E. Est. S.E. Est. S.E. 
-2.37 .36 5.39 .07 4.62 .06 
-2.01 .75 -.04 .16 -.31 .13 
-1.07 .75 .15 .15 -.01 .13 
- .44 .54 .04 .11 -.05 .09 
-1.10 .45 -.02 .09 .07 .08 
.88 .44 .07 .09 .14 .08 
- .71 .49 -. 08 .10 -.01 .08 
1.80 .54 .16 .11 .16 .09 
.65 .72 -.18 .14 .02 .12 
2.00 .71 -.10 .14 -.02 .12 
6.07 .35 -.19 .06 -.29 .05 
2.26 .36 .03 .05 -.01 .05 
- .59 .38 .01 .05 .03 .05 
-2.72 .48 .07 .07 .06 .06 
-5.02 .57 .08 .09 .21 .07 
.0385 .0205 -.0012 .0029 -.0020 .0026 
- .0163 .0297 -.0087 .0044 -.0098 .0039 
.0127 .0313 -.0122' .0045 -.0025 .0039 
.0217 .0387 .0015 .0055 -.0012 .0048 
- .0108 .0465 .0084 .0066 .0104 .0057 
- .0073 .0476 .0110 .0067 .0032 .0058 
.0001 .0020 .0003 .0003 .0003 .0002 
- .0004 .0020 -.0002 .0003 -.0002 .0002 
.0067 .0031 -.0001 .0004 -.0004 -0004 
- .0012 .0032 -.0002 .0004 .0002 .0004 
— .0006 .0049 .0002 .0007 .0002 .0006 
- .0045 .0054 .0002 .0007 .0003 .0007 
Table 19. Continued 
Coef. of (Udder-hock) 
expansion height 
Est. S.E. Est. S.E. 
Overall mean .3243 .0088 -1.55 .34 
Mean linear reg. en milk/milking .0048 .0008 - .1897 .0264 
Linear reg./lactation 1 -.0021 .0016 - .1585 .0570 
deviated from the mean 2 .0018 .0011 .0189 .0378 
3 .0017 .0012 .0610 .0412 
4 -.0023 .0016 - .0523 .0556 
5 .0009 .0015 .1308 .0484 
Mean quadratic reg. on milk/milking -.0002 .0001 .0009 .0021 
Quad. reg./lactation 1 -.0001 .0001 - .0138 .0042 
deviated from the mean 2 .0000 .0001 .0039 .0037 
3 .0000 .0001 .0030 .0036 
4 .0001 .0001 .0096 .0044 
5 .0001 .0001 - .0025 .0041 
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(Lowest point- Fore teats Rear teats 
hock) height length length 
Est. S.E. Est. S.E. Est. S.E. 
.37 .36 5.39 .07 4.62 .06 
.2038 .0296 .0141 .0045 .0124 .0039 
.1692 .0634 .0189 .0099 .0080 .0085 
.0490 .0429 .0001 .0063 -.0009 .0055 
.0630 .0472 -.0060 .0068 .0055 .0059 
.1069 .0630 -.0209 .0093 -.0174 .0081 
.1641 .0556 .0079 .0079 .0048 .0069 
.0012 .0024 .0002 .0003 .0001 .0003 
.0131 .0046 .0004 .0007 .0000 .0006 
.0038 .0042 -.0010 .0006 -.0008 .0005 
.0073 .0041 .0000 .0006 -.0002 .0005 
.0061 .0050 .0011 .0007 .0008 .0006 
.0040 .0048 -.0005 .0007 .0003 .0006 
Table 20. Linear functions and standard errors of the selected linear 
contrasts between the BLUEs of the genetic groups, without 
adjustment for milking yield 
Udder 
height 
Depth 
of 
cleft 
Teat 
prints 
premiIking 
Teat 
prints 
postmiIking 
Foundation cows vs. G^, G^® 
Gj^ vs. Gg 
G^ vs. Gg 
S S 
-2.88** 
(.62)t 
-1.18* 
(.51) 
-1.26* 
(.64) 
- .08 
(58) 
-.18 
(.20) 
-.26 
(.16) 
-.29 
(.21) 
-.03 
(.19) 
4.33** 
(1.31) 
1.27 
(1.05) 
2.30 
(1.35) 
1.03 
(1.22) 
4.25** 
(1.21) 
1.57 
(.97) 
2.84* 
(1.25) 
1.27 
(1.12) 
High vs. low/foundation 
Progeny of high vs. average/GL^ 
Sires 
Progeny of high vs. average/G-
Sires 
Progeny of high vs. average/G-
Sires 
-1.39 
(.86) 
-2.62** 
(.63) 
-3.13** 
(.67) 
-1.50 
(.91) 
.28 
(.25) 
-.16 
(.19) 
.11 
(.21) 
.12 
(.30) 
- .22 
(.88) 
2.88** 
(1.30) 
3.49** 
(1.40) 
4.12* 
(1.91) 
.91 
(1.65) 
2.93* 
(1.22) 
3.84** 
(1.30) 
3.28 
(1.77) 
^G^, Gg, Gg = generations one, two , and three. 
) = standard errors. 
*Significant at p < .05. 
**Significant at p < .01. 
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Teat Coef. Coef. Fore Rear 
prints of of (Udder-hock) (Lowest point- teats teats 
diff. collap. expansion height hock) height length length 
.26 -.005 -.012 -1.62* -1.83** .10 -.17 
(.63) (.010) (.016) (.67) (.68) (.13) (.11) 
- .33 -.004 -.010 -1.02 - .73 -.01 .03 
(.49) (.007) (.013) (.53) (.53) (.11) (.09) 
- .45 -.010 -.028 -1.43* -1.51* .17 .11 
(.68) (.010) (.017) (.69) (.70) (.14) (.12) 
- .12 -.007 -.018 - .41 - .78 .18 .08 
(.62) (.009) (.016) (.62) (.64) (.12) (.10) 
-1.13 -.018 -.028 -1.66 -1.19 -.19 -.30* 
(.76) (.012) (.020) (.87) (.86) (.18) (.15) 
.06 -. 008 -.016 -2.47** -2.45** -.06 -.04 
(.59) (.009) (.016) (.65) (.65) (.13) (.11) 
- . 64 -.022* -.039* -2.85** -2.95** -.19 -.13 
(.67) (.010) (.017) (.71) (.71) (.14) (.12) 
1.34 -.002 -.023 -1.73 -1.89 -.03 .07 
(.98) (.015) (.025) (.98) (1.00) (.20) (.16) 
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for milking yield (Table 21) in generations one and two, respectively. 
High milk production causes more stress on the attachments; therefore, 
udders become closer to the ground. This agrees with the work of Moore 
et al. (1981). Norman and VanVleck (1972) also found that bulls which 
sired high-producing offspring tended to have more daughters processing 
deeper udders with weaker attachments tAiich sloped forward than did 
sires of average or below average producing cows. 
TJdder height and the lowest point of the udder were measured rela­
tive to the hock height because udder pendulousness is more often as­
sociated with the position of the udder relative to the hock rather than 
to the barn floor. The differences between genetic groups, in measure­
ments of udder height minus hock height, and the lowest point of the 
udder minus hock height, had the same magnitude as udder heights. With 
and without adjustments for milking yield, the distances from udder 
floor to the hock and from the lowest point to the hock were greater in 
pedigree selected foundation cows than in progeny of selected sires 
(p < .05-.01). These distances were greater in progeny of breed average 
sires than in progeny of high sires in generations one and two (p < .01). 
The differences between the BLUEs for udder height minus hock height 
in generation one were 2.11 cm and 2.47 cm and in generation two 
2.45 cm and 2.85 cm with and without adjustment for milking yield, 
respectively. Differences between the BLUEs for the lowest point of 
the udder minus hock height in generation one were 1.97 cm and 2.45 cm 
and in generation two 2.51 cm and 2.95 cm with and without adjustment 
for milking yield, respectively. This means that low producers have 
udders that are further from the ground. Burnside et al. (1963) found 
Table 21. Linear function and standard errors of the selected linear 
contrasts between the BLUEs of the genetic groups, with 
adjustment for milking yield 
Depth Teat Teat 
Udder of prints prints 
height cleft premi Iking postmilking 
Foundation cows vs. G^, G^, G^' 
G^ vs. Gg 
Gj^ vs. Gg 
Gg vs. Gg 
High vs. low/foundation 
Progeny of high vs. average/G^^ 
Progeny of high vs. average/G^ 
Progeny of high vs. average/G^ 
-2.81** -.15 4.42** 4.29** 
(.61)t (.20) (1.22) (1.19) 
-1.15* -.26 1.11 1.45 
(.50) (.16) (.97) (.96) 
-1.28* -.30 1.99 2.66* 
(.63) (.21) (1.25) (1.23) 
- .13 -.04 .88 1.21 
(.57) (.19) (1.13) (1.11) 
-1.30 .27 - .81 .77 
(.85) (.25) (1.64) (1.63) 
-2.40** -.15 1.50 2.35* 
(.63) (.19) (1.21) (1.20) 
-2.82** .14 2.24 3.35** 
(.66) (.21) (1.30) (1.28) 
-1.15 .15 2.78 2.81 
(.90) (.30) (1.77) (1.74) 
one, two , and three. 
( ) = standard errors. 
*Significant at p < .05. 
••Significant at p < .01. 
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Teat Coef. Coef. Fore Rear 
prints of of (Udder-hock) (Lowest point- teats teats 
diff. collap. expansion height hock) height length length 
.22 -.005 -.013 -1.52* -1.76** .08 -.18 
(.56) (.009) (.016) (.65) (.66) (.13) (.11) 
- .35 -.003 -.011 - .99 - -65 -.02 .03 
(.44) (.007) (.012) (.51) (.52) (.11) (.09) 
- -61 -.001 -.030 -1.42* -1-44* .16 .10 
(.61) (.010) (.017) (.67) (.68) (.14) (.12) 
- .26 -.007 -.020 - .43 -78 .18 .07 
(.56) (.009) (.015) (.60) (.62) (.12) (.10) 
-1.46* -.021 -.033 -1.42 - .94 -.19 -.30* 
(.66) (.011) (.020) (.84) (.83) (.18) (.15) 
— .88 -.016 -.029 -2.11** -1-97** -.09 -.07 
(.53) (.009) (.015) (.63) (.63) (.13) (.11) 
-1.50** -.029** -.051** -2.45** -2.51** -.24 -.17 
.60 (.010) (.017) (.69) (.69) (.14) (.12) 
.39 -.011 -.037 -1.19 -1.35 -.07 .04 
(.90) (.014) .024 (.95) (.98) (.20) (.16) 
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milk production and age to be phenotypically associated with variation 
in udder height and udder height minus hock height. They reported that 
within a sire group, hi^er production was associated with lower udders. 
Pedigree selected hi^ and low foundation cows had wider total 
distances between teats pre- and postmilking than progeny of high and 
average sires with and without adjustment for milking yield. Distances 
between the four teats before milking were greater in progeny of high 
sires than in progeny of breed average sires. These correlated 
responses to selection for lactation yield were 2.88, 3.49, and 4.12 
cm in generations one, two, and three, respectively, without adjustment 
for milking yield. Differences in teat prints premiIking between progeny of 
high and breed average sires were not significant after adjustment for 
milking yield at the day of measurement. The postmilking differences 
in teat prints between progeiqr of high and breed average sires were 
significant in generations one and two. The differences were 2.93 cm 
and 2.35 cm in generation one and 3.84 and 3.35 cm in generation two 
with and without adjustment for milking yield, respectively. It is 
well-known that high yielders have voluminous udders which indicate 
bigger udder size and greater distances between teats than in low 
yielders. Differences in udder size between high and low yielders 
increased as time progressed as a result of the increased difference 
in ME milk between high minus average sires with time. 
The mean reduction is total distances between teats across genetic 
groups measured as premilking minus the postmilking teat prints was 
15.79 cm and 15.89 cm with and without adjustment for milking yield. 
Differences between genetic groups in the amount of reduction without 
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adjustment for milking yield were not significant. After adjusting 
for milting yield, a greater reduction (p < .05) in the total distances 
between teats after milking vas found in pedigree selected low than 
in high foundation cows (a difference of 1.46 cm in the BLUEs of the 
two groups). Also, a greater reduction was found in the space between teats in 
progeny of breed average sires than in progeny of high sires in generation 
two (a difference of 1.50 cm in the BLUEs of the two groups). This 
means that for cows of the same level of production at a milking, those 
with low lactation yield have udders that collapse more after milking. 
The coefficients of collapsibility and expansion measured as the 
difference in teat prints before and after milking divided by teat 
prints before milking for collapsibility and divided by teat prints 
after milking for expansion were included in this study. The genetic 
groups of low milk production had higher coefficients of collapsibility 
and expansion than the genetic groups of high milk production. These 
differences were significant (p < .05) only in progeny of breed average 
sires vs. progeny of high sires in generation two. (The differences in 
BLUEs were .022 for collapsibility and .039 for expansion.) So, 
standardizing the reduction in teat prints after milking to the perimeter 
of teat prints before and after milking did not change the observation 
that teat prints collapse more in low producers than in high producers. 
Rear teats were shorter than the front teats, 4.62 cm vs. 5.39 
cm and 4.61 cm vs. 5.37 cm with and without adjustment for milking 
yield. This agrees with the results of Krempa and Prawdzik (1954), 
Tomar (1973), and Tavlldarova et al. (1963). The fixed effect of 
genetic group was not significant in the least-squares analysis of 
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variance of fore and rear teats length. The only significant difference 
in teats length between the genetic groups was in the foundation cows 
in which pedigree selected low cows had longer rear teats than 
pedigree selected high cows (the difference was .3 cm, p < .05). Donald 
(1960) and Hickman (1964) reported that shorter teats were significantly 
superior for level of production. 
Variations among cows within genetic groups were significant for 
all udder and teat measurements in this study with and without adjust­
ment for milking yield. This means that cows differ in their udder 
measurements when they are adjusted to the same level of production. 
The effect of lactation number was significant (p < .01) on 
measurements of udder height, (udder-hock) height, (lowest point-hock) 
height, depth of cleft, teat prints pre- and postmilking, and teat 
length. Calculated coefficients of collapsibility and expansion did 
not change significantly with advanced age. The greatest development 
of udder with age occurred in the first two lactations. 
Udders became closer to the ground with advancing age. Breaking 
down or loosening of the udder attachments with advancing age causes 
udders to be closer to the ground. Johansson (1963) reported that this 
breaking down of the udder attachments seldom appears before the third 
lactation and usually the degree of the defect increases with in­
creasing age of the cow. Distances from udder floor to the hock and 
from the lowest point of the udder to the hock were smaller in the 
second lactation and became negative thereafter. This is explained 
by the changes in udder height with advancing age. 
Total distances between teats (teat prints pre- and postmiIking) 
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tended to increase with age. Udders become larger as the cows get 
older. Depth of cleft was deeper in the second and third lactations 
and had a little shrinkage thereafter. This shows that in the first 
three lactations, udder halves go down faster than the medial suspensory 
ligament, while after the third lactation, the downward movement was 
the reverse. 
Length of the rear teats with and without adjustment for milking 
yield and the fore teats without adjustment increased with the increase 
in lactation number. The greatest increase in teat length occurred 
from the first to the second lactation in which average length of the 
fore teats increased .22 cm and .32 cm and average length of the rear 
teats increased .28 cm and .35 cm with and without adjustment for 
milking yield, respectively. The development of teat length by udder 
quarters and genetic groups with advancing lactation number is shown 
in Figure 2. 
The effect of year-seasons of calving was significant (p < .01) 
on direct measurements of the udder and teats both with and without 
adjustment for milking yield, but there was no consistent trends in 
the changes of these measurements from one year-season to the other 
(Appendix A, Tables 49 and 50). The year-seasons of calving did not 
have significant effects on calculated coefficients of collapsibility 
and expansion or on the premiIking minus postmilking teat prints. 
From all udder and teat measurements, only measurements of teat prints 
pre- and postmilking had significant linear partial regressions on days 
postpartum. The BLUEs of these two linear regressions were negative both 
with and without adjustment for milk yield which means that the longer the 
H = pedigree selected high foundation cows and progeny of high sires 
L = pedigree selected low foundation cows and progeny of average sires 
RF, RR = right front and right rear quarters 
LF, LR = left front and left rear quarters 
1, 2, 3, 4 are lactation numbers 
Figure 2. The development of teat length by lactations within genetic groups 
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postpartum these measurements were taken, the smaller the perimeter of 
teat prints. This is logical since edematous swelling associated with 
parturition had not receded completely in the early stage of the period 
these measurements were taken. 
Partial linear regressions on a single FM milking yield were 
significant for all udder and teat measurements except for the depth 
of cleft. Quadratic regressions on milking yield were only significant 
for the premilking teat prints and coefficients of collapsibility. 
Partial linear regressions of udder height, udder height minus hock 
height, and the lowest point minus hock height on milking yield were 
negative, while linear regressions of measurements of teat prints on 
milking yield were positive indicating that increasing milking yield 
was associated with larger udders that are closer to the ground. 
This agrees with the previous results of the change in these measure­
ments caused by selection on lactation yield base. 
The linear partial regressions of the calculated coefficients of 
collapsibility and expansion and teat length were positive which 
indicates that higher milking yield was associated with greater 
amount of collapse and longer teats. In the earlier analysis of 
changes in these measurements caused by selection on lactation yield 
basis, it was found that the genetic groups of low milk production had 
longer teats and greater amount of collapse in teat prints' perimeter. 
This shows that the association between these measurements and lactation 
yield did not come through their association with one milking yield. 
Ill 
Repeatabllities 
Estimates of repeatability for udder and teat measurements are 
in Table 22. Components of variance used to estimate repeatablli­
ties were obtained from the analysis of Model II using Method III 
of Henderson. Direct measurements of the udder were highly repeatable 
except for the depth of cleft. Calculated coefficients of collapsi-
bility and expansion and the difference in teat prints before and 
after milking were not as repeatable. Estimates of repeatability 
for udder height, (udder-hock) height, and (lowest point-hock) 
height were .75, .52, and .40, respectively. Total distances between 
teats pre- and postmiIking had repeatability estimates of .64 and 
.70. These high estimates show that these measurements were quite 
similar within a cow, whereas cow-to-cow variations with respect to 
these measurements differed greatly. Teat prints difference, coefficient 
of collapsibility, and coefficient of expansion had repeatability 
estimates of .14, .23, and .28, respectively. These estimates are a 
little lower than those reported by White and Vinson (1975). Teat 
length was highly repeatable, .68 for the fore teats and .65 for the 
rear teats. The magnitude of repeatabilities among lactations indicated 
that there was little need to record udder and teat measurements in 
every lactation during the lifetime of the cow. Adjusting udder and 
teat measurements for the level of production at one PM m-iIking did not 
change repeatability estimates much. 
Table 22. iEstimates of repeatability and phenotyplc correlations of udder and teat measurements, 
from Model II 
Repeat-
abllitv Phenotyplc correlations 
Est. S.E. 2 3 4 5 6 7 8 9 10 11 
1. Udder height .75 .02 -.03 -.30 -.35 .09 .19 .19 .75 .68 .05 -.01 
w/o .75 .02 -.03 -.33 -.37 .01 .14 .14 .76 .69 .03 -.03 
2. Depth of cleft w .28 .04 -.14 -.20 .10 .15 .15 -.05 .00 -.13 -.10 
w/o .27 .04 -.13 -.20 .09 .14 .14 -.05 .00 -.13 -.10 
3. Teat prints premiIking w .66 .02 .83 .32 -.07 -.08 -.24 -.22 .16 .12 
w/o ,64 .02 .82 .42 .04 .02 -.30 -.28 .19 .16 
4. Teat prints post- w .70 .02 -.26 -.61 -.61 -.28 -.26 .08 .06 
milking w/o .70 .02 -.17 -.53 -.53 -.31 -.30 .09 .08 
5. Teat prints diff. w .08 .04 .90 .88 .06 .07 .15 .11 
w/o .14 .04 .90 .88 -.02 -.02 .18 .15 
6. Coef. of collap. w .21 .04 .96 .14 .15 .08 .05 
w/o .23 .04 .97 .09 .09 .11 .08 
7. Coef. of expansion w 
w/o 
.28 
.29 
.04 
.04 
.14 
.08 
.14 
.08 
.08 
.11 
.06 
.09 
8. (Udder-hock) height w 
w/o 
.50 
.52 
.03 
.03 
.91 
.92 
-.01 
-.04 
-.05 
-.07 
9. (Lowest point-hock) 
height 
w 
w/o 
.37 
.40 
.03 
.03 
-.04 
-.06 
-.06 
-.08 
10. Fore teats length w 
w/o 
.68 
.68 
.02 
.02 
.76 
.76 
11. Rear teats length w 
w/o 
.65 
.65 
.02 
.02 
^Correlations > .09 are significant at 5% level. 
Correlations > .12 are significant at 1% level. 
= with adjustment for PM milking yield, 
w/o = without adjustment for PM milking yield. 
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Heritabillties 
Estimates of heritability were calculated from paternal half-
sibs. Components of variance used to estimate heritability were ob­
tained from the analysis of Model V using Method 1X1 of Henderson. 
Adjustment for the level of milk production at one FM milking did not 
make a big change in the heritability estimates (Tables 23 and 24). 
Estimates of heritability for udder height, (udder-hock) height, and 
(lowest point-hock) height were .59, .57, and .52, respectively. Ex­
cluding the effect of genetic group from the model, heritability 
estimates of these measurements were .72, .46, and .44. Heritability 
estimates of udder height obtained in this study were higher than 
those calculated by Ham ori (1982) and Higgins et al. (1980). 
Teat prints before and after milking had heritabilities of .54 
and .66 including the fixed effect of genetic group in the model and 
.55 and .60 excluding the effect of genetic group. These estimates 
are close to those estimated by Johansson (1961) and Qureshi et al. 
(1980) who obtained estimates of .50 and .63, respectively, for the 
distance between front and rear teats, but higher than the estimate 
calculated by Seykora and McDaniel (1982) who found an estimate of 
.37 for the average front to rear teats distance. 
Low heritability estimates were obtained for the calculated dif-
2 ference in teat prints before and after milking (h = .02-.09), coeffi-
2 
cient of collapsibility (h = .10-.16), and coefficient of expansion 
2 (h = .06-. 15). Heritability estimates of collapsibility measurements 
in this study did not differ much from those estimated by Tomaszewski 
Table 23. Estimates of herltablllty and genetic correlations of udder and teat measurements, model, 
with genetic group 
Herit- ^ 
ability Genetic correlations 
Est. S.E. 2 3 4 5 6 7 8 9 10 11 
1. Udder height 
b 
w .587 .133 .12 -.47 -.55 1.0 .77 1.0 .60 .43 .25 .13 
w/o .586 .132 .14 - .44 -.56 1.0 .98 1.0 .59 .44 .25 .11 
2. Depth of cleft w .578 .132 -.27 -.34 .86 .47 .52 .00 .21 -.27 -.32 
w/o .578 .132 -.27 -.34 .61 .48 .50 .02 .20 -.29 -.33 
3. Teat prints premiIking w .480 .125 1.00 -.76 -.95 -1.00 - .46 -.47 -.02 .13 
w/o .545 .129 .99 -.06 -.97 -1.00 -.49 -.53 .03 .18 
4. Teat prints post- w .605 .134 -.81 -.96 -1.00 -.45 - .46 -.05 .05 
milking w/o .663 .138 -.17 -.99 -1.00 -.50 -.52 -.02 .09 
5. Teat prints dlff. w .023 .080 .86 .63 .27 .23 .33 .60 
w/o .019 .079 .27 .01 .15 -. 06 .51 .83 
6. Coe£. of collap. w .141 .093 1.00 .42 .37 .16 .12 
w/o .095 .087 1.00 .55 .45 .21 .17 
7. Coef. of expansion w 
w/o 
.098 
.066 
.088 
.084 
.61 
.77 
.57 
.67 
.16 
.23 
.15 
.22 
8. (Udder-hock) height w 
w/o 
.551 
.571 
.131 
.131 
.88 
.89 
.12 
.12 
.02 
-.01 
9. (Lowest point-hock) 
height 
w 
w/o 
.473 
.516 
.124 
.127 
-.04 
-.03 
-.06 
-.08 
10. Fore teats length w .755 .145 .86 
w/o .745 .143 .86 
11. Rear teats length w 
w/o 
.659 
.661 
.138 
.138 
^Correlations ^  .09 are significant at the 5% level. 
Correlations ^  .12 are significant at the 1% level. 
= with adjustment for a single PM milking yield, 
w/o = without adjustment for a single PM milking yield. 
Table 24. Estimates of heritability and genetic correlations of udder and teat measurements, model 
without genetic group 
Herit-
ability Genetic correlations 
Est. S.E. 2 3 4 5 6 7 8 9 10 11 
1. Udder height w® .677 .143 .07 -.51 -.60 .45 .64 .84 .82 .65 .34 .35 
w/ 0 .715 .146 .09 -.56 -.63 .29 .75 .99 .83 .68 .31 .30 
2. Depth of cleft w .514 .129 -.24 -.30 .26 .30 .27 -.03 .25 -.30 -.35 
w/o .506 .127 -.24 -.28 .17 .31 .25 -.02 .22 -.31 -.35 
3. Teat prints premilking w .454 .123 .97 -.05 -.64 -.76 -.59 -.60 -.03 .07 
w/o .554 .132 .99 .34 -.75 -.87 - .68 -.71 -.01 .10 
4. Teat prints post- w .510 .128 -.29 -.80 -.90 -.60 -.61 -.12 -.09 
milking w/o .600 .136 .19 -.83 -.95 -. 68 -.69 -.09 -.05 
5. Teat prints diff. w .089 .081 .76 .73 .15 .14 .37 .65 
w/o .046 .074 .33 .23 -.18 -.26 .47 .86 
6. Coef. of collap. w .163 .090 .98 .46 .42 .31 .44 
w/o .096 .081 .97 .53 .46 .36 .53 
7. Coef. of expansion w 
w/o 
.148 
.086 
.088 
.079 
.65 
.76 
.62 
.69 
.30 
.35 
.45 
.54 
8. (Udder-hock) height w 
w/o 
.401 
.463 
.117 
.123 
.85 
.88 
.27 
.23 
.29 
.22 
9. (Lowest point-hock) 
height 
w 
w/o 
.367 
.441 
.114 
.120 
.04 
.03 
.12 
.08 
10. Fore teats length w 
w/o 
.686 
.666 
.144 
.142 
.90 
.90 
11. Rear teats length w 
w/o 
.516 
.505 
.129 
.127 
= with adjustment for a single PM milking yield, 
w/o = without adjustment for a single PM milking yield. 
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and Legates (1972), .They adjusted five udder collapsibility measures 
for linear and quadratic effects of lactation number and milk yield 
for the day of measurements. Estimates of heritability ranged from 
.15-.20. 
Teat length was found to be highly heritable. Heritability 
estimates for the length of fore teats ranged from .67-.76 and for the 
length of rear teats from .51-.66. Heritability estimates for the 
2 
length of fore teats were higher than the estimate (h = .44) obtained 
by Higgins et al. (1980). Car et al. (1981) and Johansson (1961) re­
ported an estimate of .98 for the heritability of teat length. 
The high heritability estimates for the direct udder and teat 
measurements indicate that the possibilities are good for an improvement 
of these measurements by selection. 
Phenotvpic and genetic correlations 
Phenotypic correlations are in Table 22 and genetic correlations 
within genetic groups and across genetic groups are in Tables 23 and 
24, respectively. Phenotypic and genetic correlations between measure­
ments of udder height, between teat prints pre- and postmiUcing, between 
measurements of udder collapsibility, and between length of rear and 
fore teats were high and positive. 
Measurements of udder height correlated negatively with teat prints 
pre- and postmilking and positively with the coefficients of expansion 
and collapsibility. This is true since the least-squares analysis of 
variance showed that high yielders were expected to have larger udders 
that are closer to the ground while low yielders were associated with 
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greater amount of udder collapse. Phenotyplc and genetic correlations 
between measurements of udder height and teat length were low except 
for the genetic correlation between udder height from the floor and 
length of the rear and fore teats without including the fixed effect 
of genetic groups in the model. 
Fhenotypic and genetic correlations among teat prints before and 
after milking ranged from .82-.83, and .97-1.0. White and Vinson (1975) 
also found large and positive phenotypic correlations among teat prints 
measures. They found that correlations between coefficients of col-
lapsibility and expansion were highly positive (r = .96-1.0). Teat 
prints had high negative genetic correlations with coefficients of col-
laps ibility. Their relationships were corroborated in this analysis. 
Correlations between length of fore and rear teats were high and 
positive. Teat lengths were almost independent of teat prints measures, 
but longer teats were associated with greater amount of udder collapse. 
Teat-End Shape 
Records of teat-end shapes were 1209 from the left front, 1210 from 
the right front, 1210 from the left rear, and 1206 from the right rear 
quarter of the udder. 
Round-shaped teat-ends were very frequent in the herd vAiile the 
funnel-shaped teat ends were rare. Natzke et al. (1978) also found that 
round-shaped teat ends were the predominant type. Across lactations and 
udder quarters, 48.93, 19.09, 22.09, 1.32, and 8.56% of the total 
teat ends were round, plate, flat, funnel, and prolapse. These shapes 
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are shown In Figures 3 and 4. 
Teat ends were generally of one shape in all quarters. From the 
1111 observations in which shapes of teat ends in the four quarters 
were available, 78.3% were of one shape in all quarters. This agrees 
with the results of Lojda et al. (1975). The frequencies and per­
centages of observations in which teat ends were of the same shape in 
all quarters of the udder are in Table 25. 
It is believed that stress due to milking can cause the prolapse 
teat-end shape. The analysis in this study has shown that the per­
centages of cows that did not have prolapse-shaped teat-end at first 
lactation in the right rear, left rear, right front, and left front 
quarters were 95.93, 97.56, 93.5, and 94.72, respectively. From 
cows that did not have the prolapse as a "natural" teat-end shape in 
the first laction, only 13.98, 12.92, 13.48, and 15.45% had developed 
prolapse shaped teat ends in the right rear, left rear, right front, 
and left front quarters, respectively, in later lactations. The dif­
ferences in these percentages were not significant. Also, it is pos­
sible that misclassificatlon of the prolapsed shape could have occurred, 
though misclassificatlon is perhaps not as likely for this shape as 
others. Repeatability is lower for prolapse. 
Estimates of repeatability in Table 26 show that both round- and 
plate-shaped teat ends were reasonably repeatable (t = .4-.5). Flat-, 
funnel- and prolapse-shaped teat ends had repeatability estimates of 
less than .3. Estimates of repeatability of all shapes did not change 
much when data from all years of the project were used (two evaluators) 
or only the data from all years of the project were used (one evaluator). 
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Figure 3. Sketches of teat-end shapes. (A) round, (B) plate-shaped, 
(C) flat, (D) funnel-shaped, (E) prolapse 
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Figure 4. Photographs of teat—end shapes. (A) round, (B) plate—shaped, 
(C) flat, (D) funnel-shaped, (E) prolapse 
Figure 4. Continued 
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Figure 4. Continued 
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Table 25. Frequencies and percentages of observations in which teat 
ends were of the same shape in all quarters of the udder 
Shape Frequency^ Percentage 
Round 452 40.68 
Plate 195 17.55 
Flat 168 15.12 
Funnel 9 0.81 
Prolapse 46 4.14 
Total 870 78.30 
^Total number of observations was 1111. 
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Table 26. Estimates of teat-end shapes repeatabilities, by quarters 
All years Year > 1975 
repeatability repeatability 
Shape Quarter Est. S.E. Est. S.E. 
Round LF .43 .03 .43 .05 
LR .42 .03 .43 .03 
RF .42 .03 .42 .03 
RR .42 .03 .44 .05 
Plate LF .43 .03 .50 .03 
LR .42 .03 .46 .03 
RF .40 .03 .50 .03 
RR .43 .03 .47 .03 
Flat LF .24 .03 .25 .04 
LR .19 .03 .23 .04 
RF .19 .03 .18 .04 
RR .24 .03 .28 .04 
Funnel LF .29 .03 -29 .04 
LR .21 .03 .41 .03 
RF .23 .03 .41 .03 
RR .15 .03 .60 .03 
Prolapse LF .19 .03 .16. .04 
LR .22 .03 .23 .04 
RF .24 .03 .22 .04 
RR .18 .03 .20 .04 
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Estimates of repeatability obtained in this study were not as high as 
expected. It is possible that misclassification of the shape could 
have happened. Another possibility is that the shapes do actually change 
over time. Estimates of repeatability obtained in this study show that 
repeated observations on the shape of teat-ends are required to result 
in confidence in the judgment of the evaluator. Âppleman (1973) re­
ported that the correlation coefficient of repeated observations varied 
between .67 and .84. He concluded that the teat classification scheme 
has sufficient repeatability as an aid to selection. 
Differences in percentages of clinical mastitis cases associated 
with the different teat-end shapes were studied (Table 27). These dif­
ferences were significant (p < .01) when the analysis was done across 
lactations, genetic groups, and udder quarters. Among the five teat-
end shapes, funnel followed by plate had the highest percentages of 
clinical mastitis cases. 
There was an Increase in percentages of clinical mastitis across 
lactations in flat- and prolapse-shaped teat ends. Natzke et al, (1978) 
reported that new infection rate was highest in the second or subsequent 
lactations for each shape of the teat end. Differences in percentages 
of clinical mastitis cases associated with the different teat-end 
shapes were significant (p < .01) within the first lactation records. 
Again, the funnel followed by the plate teat-end shapes were associated 
with higher percentages of clinical mastitis cases. 
In both genetic groups of pedigree selected high foundation cows 
and progeny of high sires and pedigree selected low foundation cows 
and progeny of breed average sires, significant differences (p < .01) 
Table 27. Percentages of clinical mastitis cases in the different teat-end shapes, from the chi-
square analysis 
Across teat« 
Round Plate Flat Funnel Prolapse end shapes 
Across lactations, genetic groups, and udder 8.71 10.29 7.12 21.88 7.25 ** 8,71 
quarters (2366)® (923) (1068) (64) (414) (4835) 
By lactations 
1 9.32 11.35 4.02 29.63 6.48 ** 8.84 
(912) (423) (373) (27) (108) (1843) 
2 7.78 8.13 7.23 9.09 4.81 7.48 
(630) (209) (249) (11) (104) (1203) 
3 8.12 8.84 8.76 16.67 9.78 8.70 
(394) (147) (194) (12) (92) (839) 
>4 9.30 11.81 10.32 21.43 8.18 10.0 
(430) (144) (252) (14) (110) (950) 
By genetic groups 
High foundation cows & progeny of high sires 10.24 9.95 11.51 33.33 7.27 ** 10.32 
(1152) (382) (417) (18) (220) (2189) 
Low foundation cows & progeny of average sires 5.97 7.91 3.35 25.0 5.73 ** 5.89 
(409) (417) (477) (16) (157) (1971) 
By quarters 
Left front 6.79 10.13 5.60 15.38 6.84 7.28 
(574) (237) (268) (13) (117) (1209) 
Right front 8.35 7.73 8.37 12.50 9.01 8.35 
(587) (233) (263) (16) (111) (1201) 
The total number of observations in a subclass is given between parentheses. 
**Signlfleant at p < .01. 
Table 27. Continued 
Across teat-
Round Plate Flat Funnel Prolapse end shapes 
Left rear 11.79 13.22 8.42 26.32 6.74 * 11.16 
(602) (227) (273) (19) (89) (1210) 
Right rear 7.81 9.78 6.06 26.32 5.0 * 7.88 
(602) (225) (264) (19) (96) (1206) 
^Significant at p < .05. 
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were found in percentages of clinical mastitis cases in the different 
shapes of teat ends. For each shape of the teat ends, the genetic group 
of high foundation cows and progeny of high sires had higher percentages 
of clinical cases than the other genetic group. Differences were 
significant (p < .01) only in the round and flat shapes of teat ends 
(Table 28). 
Analysis by quarters of the udder showed that the funnel followed 
by the plate shape of teat ends were associated with higher percentages 
of clinical mastitis cases (p < .05) in the left rear and the right rear 
quarters of the udder. 
One reason for the association between funnel-shaped teat ends and 
higher incidences of mastitis, as explained by Johansson and Rende1 (1968), 
is that the milk which remains in the depression serves as a breeding 
ground for bacteria, which then find their way into the udder. This is 
a possibility. Another possibility is that different shapes of teat 
ends could be associated with different milking speeds and the associa­
tion between teat-end shapes and mastitis could be explained by the 
known positive correlation between milking speed and mastitis. In 
Tables 29, 30, 31, and 32, correlations between teat-end shapes and 
measurements of milk flow were found when each shape was coded as 0 or 
1. Among the five teat-end shapes, the round shape was associated with 
slower rate of milk flow, while the plate shape was associated with 
faster rate of milk flow. Fhenotypic correlations between the funnel 
teat-end shape and measurements of milking rate were low and not signifi­
cant due to the low frequency of the funnel shape. 
Since measurements of milk flow rate in this project were not re-
129 
Table 28. Differences in the percentages of clinical mastitis cases 
between genetic groups, by the teat-end shape from the 
chi-square analysis 
Teat-end shape 
Genetic 
1 
a 
erouDS 
2 
Across genetic 
groups 
Round 10.24 5.97 ** 8.37 
(1152)» (904) (2056) 
Plate 9.95 7.91 8.89 
(382) (417) (799) 
Flat 11.51 3.35 ** 7.16 
(417) (477) (894) 
Funnel 33.33 25.0 29.41 
(18) (16) (34) 
Prolapse 7.27 5.73 6.63 
(220) (157) (377) 
^1 = high foundation cows and progeny of high sires. 
2 = low foundation cows and progeny of average sires. 
^The total number of observations is given between parentheses. 
**Significant at p < .01. 
Table 29. The gross phenotypic correlations between teat-end shape and 
measurements of ndlk flow, lactation yield, and udder health 
in the right rear quarter of the udder 
Teat-end Lacta­ Initial 2-min Average Maximum Total 
shape tion rate milk rate rate time 
Round 1 -.15** -.14** -.12** -.11 * .12* 
2 -.08 -. 06 .02 -.05 .07 
3 .01 .03 .06 .02 .06 
>4 .08 .07 .09 -.01 -.03 
Plate 1 .13** .14** .17* .11* -.14** 
2 .01 .00 .05 -.01 -.17** 
3 .03 -.02 -.09 -.07 -.07 
>4 .00 -.01 -.12 - .06 .08 
Flat 1 .04 .05 .03 .03 -.08 
2 .10 .07 -.01 .10 -.04 
3 .03 .01 -.02 -.02 -.01 
>4 .01 .02 .03 .04 -.07 
Funnel 1 .07 .05 .03 .06 -.04 
2 
O 
.07 .10 .05 .10 -.03 
>4 — — — — — 
Prolapse 1 -.01 -.05 -.10 -.04 .13** 
2 -.03 -.02 -.09 -.04 .14* 
3 -.08 -.03 .05 .10 .00 
>4 
-.14 -.12 -.03 .03 .04 
•Significant at p < .05. 
**Significant at p < .01. 
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Time to Perc. 
max. 2-min Lactation Clinical 
rate milk yield mastitis CMT WMT 
.06 -.15** -.03 
.06 -.09 .12 
.04 -.05 .21** 
.00 -.01 .03 
-.05 .11* .03 
-.05 .07 -.12 
-.12 .08 -.17* 
-.07 .05 -.11 
-.05 .09 .01 
-.04 .08 -.04 
.02 .02 -.05 
-.01 .06 .03 
-.09 .07 .00 
-.05 .08 .03 
.07 -.07 .00 
.02 -.07 .00 
.07 -.05 -.04 
.09 -.14 .05 
.02 .10 .07 
-.12 -.11 -.01 
-.03 -.06 .06 
-.02 .09 -.01 
-. 06 -. 14 -. 01 
.04 .03 .09 
-.08 -.17 .00 
-.01 -.17 .12 
-.01 -.05 -.04 
.00 .09 -.03 
.09 .13 -.04 
.07 -.05 -.02 
.18* -.05 .02 
-.02 —.06 -.05 
-.01 .13 -.08 
.17 .05 -.04 
.02 .15 -.04 
-.08 .13 -.08 
Table 30. The gross phenotypic correlations between teat-end shape and 
measurements of milk flow, lactation yield, and udder health 
in the left rear quarter of the udder 
Teat-end Lacta­ Initial 2-min Average Maximum Total 
shape tion rate milk rate rate time 
Round 1 -.18** -.17** -.12* -.14** .15** 
2 -.03 -.04 -.04 -.07 .06 
3 .05 .05 .06 .03 .05 
>4 -.04 - .06 -.01 -.04 .03 
Plate 1 .16** .17** .19** .14** -.13** 
2 .05 .02 .06 .00 -.18 
3 .06 .00 -.04 -.05 -.08 
>4 -. 06 -.04 
H
 1 -.04 .08 
Flat 1 .06 .05 .00 .04 -.09 
2 .01 .03 .01 .09 -.02 
3 .00 .00 -.03 -.05 -.01 
>4 .02 .03 .04 .03 -.07 
Funnel 1 .02 .00 .00 .03 -. 08 
2 
O 
.03 .04 .01 .03 .00 
V 
>4 
CO 0
 1 - .08 -.15 -.12 -.12 
Prolapse 1 .00 -.05 -.08 -.04 .12* 
2 -.05 .00 -.03 -.02 ,17** 
3 -.15* -.07 -.01 .07 .03 
>4 .11 .14 .17* .14 -.02 
•Significant at p < .01. 
••Significant at p < .05. 
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Time to Perc. 
max. 2-min Lactation Clinical 
rate milk yield mastitis CMT WMT 
.12* -.18** -.02 
.01 -.02 .01 
-.03 .00 .16* 
.14 -.12 .02 
-.05 .13* .04 
-. 06 .08 -. 10 
-.07 .07 -.11 
-.01 .01 -.15 
-.13 .11 .00 
.00 .02 .02 
-.01 .01 -.04 
-.06 .06 .04 
-.05 .08 -.04 
.01 .01 .02 
-.14 .20** -.11 
.08 -.06 -.02 
.07 -.09 .08 
.15* -.09 -.06 
-.10 .03 .14 
.00 .01 -.04 
-.16 -.04 .04 
.11 .00 .10 
-.18 -.07 -.08 
.03 -.10 -.05 
-. 04 -. 03 .06 
-.13 -.25* -.01 
.11 -.21 .03 
.01 .10 .14 
.07 .01 -.02 
-.04 .07 -.13 
.17 .01 .03 
-.04 -.10 -.02 
.07 .10 -.03 
-.04 .13 
§
 1 
-.05 .07 -.06 
.20* .06 -.09 
.04 .20 .03 
- ,08 .31** .09 
Table 31. The gross phenotypic correlations between teat-end shape and 
measurements of milk flow, lactation yield, and udder health 
in the right front quarter of the udder 
Teat-end Lacta­ Initial 2-min Average Maximum Total 
shape tion rate milk rate rate time 
Round 1 -.15** -.14** -.12* -.11** .12* 
2 -.08 -.06 .02 -.05 .07 
3 .01 .03 .06 .02 .06 
>4 .08 .07 .09 -.01 -.03 
Plate 1 .13** .14** ..17** .11* -.14** 
2 .01 .00 .05 -.01 -.17** 
3 .03 -.02 -.09 -.07 -.07 
>4 .00 -.01 -.12 - .06 .08 
Flat 1 .04 .05 .03 .03 
§
 1 
2 .10 .07 -.01 .10 -.04 
3 .03 .01 -.02 -.02 -.01 
>4 .01 .02 .03 .04 -.07 
Funnel 1 .07 .05 .03 .06 -.04 
2 
O 
.10 .10 .05 .10 
0
 1 
1 
J 
>4 — — — — — 
Prolapse 1 -.01 -.05 -.10 -.04 .13** 
2 -.03 -.02 -.09 -.04 .14* 
3 -.08 -.03 .05 .10 .00 
> 4 -.14 -.12 -.03 .03 .04 
*Significant at p < .05. 
**Significant at p < .01. 
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Time to Perc. 
max. 2-min Lactation Clinical 
rate milk yield mastitis CMT WMT 
.06 -.15** -.03 
.06 -.09 .12 
.04 -.05 .21** 
.00 -.01 .03 
-.05 .11* .03 
-.05 .07 -.12 
-.12 .08 -.17* 
-.07 .05 -.11 
-.05 .09 .01 
-. 04 .08 -.04 
.02 .02 -.05 
-.01 .06 .03 
-.09 .07 .00 
-.05 .08 .03 
.07 -.07 .00 
.02 -.07 .00 
.07 -.05 -.04 
.09 -.14 .05 
-.09 .10 .07 
-.13 -.11 -.01 
- .11 - .06 .06 
-.02 .09 -.01 
-.01 -.14 -.01 
-.04 .03 .09 
-.02 -.17 .00 
-.14 -.17 .12 
.12 -.05 -.04 
.06 .09 -.03 
.09 .13 -.04 
.14 -.05 -.02 
.06 -.05 .02 
-.03 -.06 -.05 
-.02 -.05 .02 
.21* .05 -.04 
.08 .15 -.04 
-.02 .13 -.08 
Table 32. The gross phenotyplc correlations between teat-end shape and 
measurements of milk flow, lactation yield, and udder health 
in the left front quarter of the udder 
Teat-end Lacta­ Initial 2-min Average Maximum Total 
shape tion rate milk rate rate time 
Round 1 -.17** -.17** -.10* -.14** .11* 
2 -.11 -.11 -.09 -.11 .10 
3 .08 .08 .10 .05 .00 
>4 .08 .06 .05 -.01 .01 
Plate 1 .14** .16** .o7** .14** -.11* 
2 .03 .02 .05 .00 -.17** 
3 .04 .01 -.06 -.04 -.06 
>4 1 S -.04 -.12 -.05 .07 
Flat 1 .06 .07 .01 .04 —. 08 
2 .16** .14* .07 .06** -.06 
3 .02 .01 -.01 .00 .00 
> 4 .01 .03 .04 .06 -.07 
Funnel 1 .03 .00 -.01 .02 -.04 
2 .07 .10 .05 .10 -.03 
3 
>4 — — — — — 
Prolapse 1 .00 -.04 -.10 -.04 .11 
2 -.08 -.05 -.01 -.05 .15 
3 —.20** -.14 -.07 -.02 .08 
>4 -.09 -.09 .01 -.01 .01 
*Significant at p < .05. 
**Significant at p < .01. 
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Time to Perc • 
max. 2-min Lactation Clinical 
rate milk yield mastitis CMT WMT 
.10* -.18** -.03 
.03 -.08 .01 
-.03 .02 .16* 
.06 -.01 .00 
.00 .11* .06 
-.06 .07 -.10 
-.13 .07 -.11 
-.02 .03 -.15 
-.11* .13* -.01 
-.07 .12 .04 
.03 .03 -.04 
-.08 .07 .06 
-.09 .06 -.03 
-.05 .08 .03 
.01 -.05 .01 
.13 -.13 .05 
.18* -.17* -.06 
.04 -.12 .09 
-.05 .05 .07 
-.12 -.10 .02 
-.03 -.07 .03 
-.08 -.01 .01 
.10 -.15* -.07 
-.05 .03 .09 
-.08 -.17 .00 
.02 -.22 .05 
-.01 .00 .01 
.06 .14 .00 
.09 .13 .01 
.07 .03 .02 
.07 -.01 .05 
—. 02 —. 06 —. 05 
-.09 .16* -.07 
-.04 .22* -.16 
.02 .17 -.06 
.02 .19 -.04 
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corded by udder quarters and since not all cows had the same teat-end 
shape in all four quarters in a lactation, there is no proof from this 
study that the positive association of the funnel and plate shapes of 
teat ends with clinical cases of mastitis could come through the re­
lationship of these two traits with milking characteristics. 
Phenotypic Correlations among Milk Flow, Udder Measurements, 
Udder Health and Lactation Milk 
RAlafinnahip between milk flow and lactation milk production 
Positive significant gross phenotypic correlations were found 
between all measurements of milk flow and ME 305-day milk (Table 33). 
These correlations were still positively significant after the ef­
fects of genetic groups, lactation numbers, and year-seasons were re­
moved, except for time to maximum rate (Table 34). There was a possible 
error in measuring time to maximum rate since cows did not have the same 
length of udder stimulation. Table 35 shows the correlations after ad­
justing for the effects of genetic groups, lactations, year-seasons, 
and, in addition, adjusting measurements of milk flow for one PM milking 
yield. Initial rate, 2-min milk, average rate, and total time were 
still positively correlated with lactation milk yield. The phenotypic 
correlation between maximum rate of milk flow and lactation yield was 
not significant after the effect of milking yield was removed. This 
indicates that the relationship between the maximum rate of milk flow 
and lactation yield was due to the mutual associations of maximum rate 
and lactation yield with the yield at one milking. The positive correla-
Table 33, The gross phenotypic correlations among measurements of milk flow, udder health, udder 
and teat measurements, and lactation milk yield 
Udder health Milk flow 
2 3 4 5 6 7 8 9  
1. CMT 
2. WMT 
3. Lactation clinical score 
Milking rate measurement 
4. Initial rate 
5. 2-min milk 
6. Average rate 
7. Maximum rate 
8. Total time 
9. Time to max. rate 
Udder and teat measurement 
10. Udder height 
11. Depth of cleft 
12. Teat prinks premilking 
13. Teat prinks postmilklng 
14. Right front teat length 
15. Left front teat length 
16. Right rear teat length 
17. Left rear teat length 
18. Lactation milk 
.57** -,14** 
-.31** 
-.21** 
.10** 
-.18** 
-.14** 
.11 
-.13** 
.88** 
-.23** 
-.03 
-. 08* 
.71** 
.83** 
-.05 
.04 
-.10** 
.72** 
.83** 
.73** 
.26** .11** 
-.01 -.14** 
.09** .16** 
-.46** 
-.39** 
-.42** 
-.31** 
- .61** 
-.52** 
-.25** 
-.30** 
.49** 
^Significant at p < .05. 
**Signifleant at p < .01. 
Table 33. Continued 
Lacta­
tion 
Udder measurement milk 
10 11 12 13 14 15 16 17 18 
1. GMT -.10* -.17** .09* .13** .21** .17** . 22** .15** .003 
2. WMT -.24** .01 .07 .13** .11** .04 .06 .04 -.14** 
3. Lactation clinical score .17** -.01 .03 -.004 .02 -.01 -.05 -.04 .04 
Mi Iking rate measurement 
4. Initial rate - .06* .14** .03 -.03 -.03 -.03 -.05 -.01 .22** 
5. 2-min milk -. 06* .07* .07* .004 -.03 -.03 -.03 .00 .36** 
6. Average rate -.06 .09** .10** .02 -.02 -.02 -.04 -.01 .48** 
7. Maximum rate -.07* .07* .08** .02 -.04 -.05 -.03 -.02 .34** 
8. Total time -.24** -.12** .29** .28** .18** .16** . 24** .18** .27** 
9. Time to max. rate -.02 -.10** .10** .10** .12** .11** .12** .06* .14** 
Udder and teat measurement 
10. Udder height -.09** -.39** -.42** -.001 .05 -.07* -.04 -.14** 
11. Depth of cleft -.001 -.06 -.09** -.12** -.09** -.08** -.07* 
12. Teat prints premiIking .88** .35** .32** .36** .31** .28** 
13. Teat prints postmllking ,28** .24** .30** .26** .19** 
14. Right front teat length .80** . 74** .72** .05 
15. Left front teat length .72** .75** .08** 
16. Right rear teat length .81** .08** 
17. Left rear teat length .05 
18. Lactation milk 
Table 34. Phenotypic correlations among measurements of milk flow, udder health, udder and teat 
measurements, and lactation milk yield, adjusted for the effects of genetic groups, 
lactations, and year-seasons 
Udder health Milk flow 
2 3 4 5 6  7 8 9  
1. CMT 
2. WMT 
3. Lactation clinical score 
Milking rate measurement 
4. Initial rate 
5. 2-min milk 
6. Average rate 
7. Maximum rate 
8. Total time 
9. Time to max. rate 
Udder and teat measurement 
10. Udder height 
11. Depth of cleft 
12. Teat prints premllklng 
13. Teat prints postmiIking 
14. Right front teat length 
15. Left front teat length 
16. Right rear teat length 
17. Left rear teat length 
18. Lactation milk 
.72** - .22**  
-.30** 
- .01  
.10** 
-.15** 
-.05 
.05 
-. 08* 
.86** 
•.12** 
.06 
.04 
.65** 
.82** 
- . 02  
.03 
- .06 
.78** 
.80** 
.72** 
.01 
- .  06 
.12** 
-.42** 
-.47** 
-.52** 
- «42** 
- .06  
-.16** 
.17** 
-.59** 
-.59** 
- .22** 
-.34** 
.44** 
*Signifleant at p < .05. 
**Signifleant at p < .01. 
Table 34. Continued 
Lac ta 
tlon 
Udder measurement milk 
10 11 12 13 14 15 16 17 18 
1. CMT -.07 -.02 -.02 .04 .11** .07 .04 .03 -.19** 
2. WMT -.11** -.02 -.06 .02 .07 .02 .01 -.002 -.18** 
3. Lactation clinical score .16** .01 .10** .06 .05 .004 -.004 -.02 .06 
Milking rate measurement 
4. Initial rate .01 .02 -.04 -.14** .07 .06 .04 .07 .28** 
5. 2-min milk .06 -.02 -.03 -.13** .03 .02 .01 .03 .39** 
6. Average rate .05 -.01 .02 -.09* .01 .01 -.02 -.01 .49** 
7. Maximum rate .05 .02 -.05 -. 14** -.02 -.03 -.03 -.01 .30** 
8. Total time -.15** -.05 .16** .19** .02 .03 .10* .07 .16** 
9. Time to max. rate -.01 -.06 .06 .09* .03 .02 .04 .03 .06 
Udder and teat measurement 
10. Udder height .001 -.31** -.40** .05 .08 -.01 .02 -.11** 
11. Depth of cleft -.17** -.23** -.10* -.15** -.13** -.11** -.09* 
12. Teat prints premilking .81** .15** .17** .14** .08 .30** 
13. Teat prints pestmiIking .11** .08* .13** .06 .18** 
14. Right front teat length .75** .66** .66** .03 
15. Left front teat length .61** .68** .09 
16. Right rear teat length .76** .05 
17. Left rear teat length .02 
18. Lactation milk 
Table 35. Phenotyplc correlations among measurements of milk flow, udder health, udder and teat 
measurements, and lactation milk yield, adjusted for genetic groups, lactations, year-
seasons, and milk yield on the PM milking 
Udder health 
2 3 
Milk flow 
8 
1. CMT 
2. WMT 
3. Lactation clinical score 
Milking rate measurement 
4. Initial rate 
5. 2-mln milk 
6. Average rate 
7. Maximum rate 
8. Total time 
9. Time to max. rate 
Udder and teat measurement 
10. Udder height 
11. Depth of cleft 
12. Teat prints premilking 
13. Teat prints postmilklng 
14. Right front teat length 
15. Left front teat length 
16. Right rear teat length 
17. Left rear teat length 
18. Lactation milk 
.70** , ,22** 
.30** 
.05 
.16** 
.19** 
.04 
.14** 
•.14** 
.85** 
-.03 
.04 
-.11** 
.59** 
.75** 
.05 
.10** 
.11** 
.74** 
.75** 
.64** 
.04 
- .01  
.10** 
-.57** 
-.73** 
-.92** 
-.61** 
-.03 
- « 14** 
.17** 
-.67** 
-.69** 
-.37** 
-.42** 
.42 
•Significant at p < .05. 
**Signlfleant at p < .01. 
Table 35. Continued 
Lacta­
tion 
Udder measurement milk 
10 11 12 13 14 15 16 17 18 
1. CMT -.08 -.02 -.01 .05 .10* .08 .04 .03 -.03 
2. WMT -.14** .04 .003 .06 .07 .03 .01 .01 -.08 
3. Lactation clinical score .19** .03** .03 .01 .03 -.02 -.06 -.04 .00 
yUlkine rate measurement 
4. Initial rate .02 .03 -.07 -.16** .08* .07 .04 .08* .08* 
5. 2-min milk .10** -.01 -.10 -.18** .03 .02 .00 .03 .10** 
6. Average rate .11** .02 -.10* -.18** .00 .00 -.05 -, 02 .17** 
7. Maximum rate .08 .04 -.11** -.17** -.01 .03 -.03 -.01 .03 
8. Total time -.12** -.02 .09* .16** .02 .02 .08 .06 -.13** 
9. Time to max. rate .01 -.05 .01 .06 .02 .01 .03 .02 .001 
Udder and teat measurement 
10. Udder height -.01 -.28** -.38** .07 .10* .01 .04 -.03 
11. Depth of cleft -.15** -.21** -.09* -.13** -.11** -.10* -.03 
12. Teat prints premiIking .80** .10* .11** .08* .02 .05 
13. Teat prints postmiIking .07 .10 .13** .10* .02 
14. Right front teat length .74** .65** .65** -.05 
15. Left front teat length .61** .67** .01 
16. Right rear teat length .76** -.05 
17. Left rear teat length -.05 
18. Lactation milk 
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tions between measurements of milking rate and lactation milk yield 
indicate that selection for higher lactation yield will also result in 
faster milking rate. This was a correlated response to selection 
after adjustment for genetic groups. 
Thé gross phenotypic correlation between total milking time 
and lactation milk was positive (r = .27**). Adjustment for the effects 
of genetic groups, lactations, and year-seasons lowered that correla­
tion (r = .16**) and the correlation became negative (r = -.13**) 
when adjustment for milking yield was added. This indicates that 
selection for milk causes an increase in milking time, but the in­
crease in milking time was due mostly to the increase in yield per 
milking due to selection. With cows of the same level of production 
per milking, it takes more time to get the same amount of milk from 
a low-producing than from a high-producing cow. 
2 The TnairiTTiiiTn R procedure chose the best five measurements of 
2 
milk flow which contributed the maximum R to ME 305-day milk (Table 
2 36). Higher R were obtained in the first lactation than in the later 
lactations. Average rate and 2-min milk had the greatest association 
with lactation yield whereas initial rate and maximum milk did not have 
any significant contribution in predicting lactation milk yield. It 
was found earlier that maximum rate is correlated more to single milking 
yield than to lactation yield when the correlation between maximum rate 
and lactation yield became insignificant after adjusting for milking 
yield. Also, the correlation between initial rate and lactation yield 
was lowered by adjustment for milking yield. 
Table 36. Partial regression coefficients of lactation milk yield on measurements of milk flow 
from corresponding lactations, chosen by maximum procedure 
Independent variables 
Initial 2-raln Average Max. Total Time to Perc. 
No. of Lacta- „ rate milk rate rate time max. 2-mln 
variables tion R Intercept rate milk 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
.205* 9686.20 
.542* 15962.60 
.548* 15170.05 
.550* 13495.17 
.550* 13456.99 
.128* 12000.34 
.365* 17007.26 
.378* 15835.81 
.385* 17429.93 
.389* 16111.96 
.152° 
.318® 
.337® 
.346® 
.347 
11293.78 
2728.86 
9752.80 
7452.37 
7089.38 
988.34* 
847.63* 
789.71* 
-35.03° 804.16* 
842.56* 
610.63* 
556.10* 
473.82* 
1705.54* 
513.94* 
656.99* 
660.64* 
1213.79* 
793.95* 
985.84* 
1184.62* 
1254.07* 
1614.29* 
655.93^ 
405.28* 
446.21* 658.48' 
200.04b 
196.50^ 
777.42, 
258.78= 
1257.25* 
748.95* 
892.40* 
842.56* 
-175.53* 
-168.86* 
-156.36® 
-155.39* 
-175.87* 
-162.37* 
- 763.81 -173.53* 
-1046.35 -164.72* 
- 99.97* 
- 75.34* 
355.97° - 72.95* 
1 
2 
3 
4 
5 
> 4 .139° 
.253 
.271® 
.276* 
.282* 
11003.87 
15737.38 
14126.57 
12131.53 
12878.94 
657.49* 
398.57* 
346.82* 
238.53° 
1402.35* 
947.31 
1088.14* 
1399.60* 
-133.57* 
-114.30* 
216.94J -100.26* 
301.41° - 729.27° -102.68* 
^Significant at p < .01. 
^Significant at p < .05. 
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Relationship between milk flow and udder health 
Udder health was measured by the California Mastitis Test (CMT), 
the Wisconsin Mastitis Test (WMT), and lactation clinical score. 
Cows with no clinical cases during the first 10 months of lactation 
were given a lactation clinical score of 55. Any clinical mastitis 
reduced the score; however, the more frequently clinical mastitis occurred 
near the first months of a lactation, the lower the clinical score 
for that lactation. Incidences of mastitis were generally low in the 
herd when most of the same data were analyzed for udder health by Magid 
(1981). 
The gross phenotypic correlations in Table 33 gave contradictory 
results for the correlations between milking rate and udder health. 
Faster milking rate was associated with lower CMT scores \diich means 
low incidence of mastitis and lower lactation clinical scores which 
means higher incidence of mastitis. Many of the significant gross re­
lationship between milking rate and CMT were jointly related with genetic 
groups, lactations, and year-seasons, as these correlations became insignifi­
cant after adjusting for these effects (Tables 34 and 35). 
Higher initial rate was associated with higher WMT scores (r = 
.10**). After the effects of genetic groups, lactations, year-seasons, 
and milking yield were removed, initial rate, 2-min milk, and maximum 
rate were positively correlated with WMT scores (p < .01). 
No relationship was found between maximum rate of flow and incidence 
of mastitis as measured by CMT and WlfT, but cows with higher maximum 
rate of milking had lower lactation clinical scores which means more 
incidences of clinical mastitis. 
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Initial rate, 2-min milk, average rate, and maximum rate of milk 
flow had significant negative gross phenotypic correlations with lacta­
tion clinical score. These correlations stayed significant after adjust­
ment for the effects of genetic groups, lactations, year-seasons, and 
a single milking yield. The negative correlations mean higher incidences 
of clinical mastitis in the fast milking cows. Fast milking cows have 
larger or less tight teat sphincters which are less likely to prevent 
bacteria from gaining entrance into the teat. 
Dodd et al. (1950) and Natzke et al. (1982) reported that leaving 
the milking machine on the teats longer than is necessary to remove the 
milk is likely to increase infection. The results from this study show 
that longer milking time was associated with lower scores of WMI and 
less incidences of clinical mastitis. The correlation between lactation 
clinical score and total milking time was lower when the effects of 
genetic groups, lactations, year-seasons, and a single milking yield 
were removed. Since there was no evidence of overmilking or under-
milking in the herd, the most probable explanation for this kind of 
correlation is that longer milking time is related to slow milking 
cows which have tighter sphincter muscles and thus more prevention 
for bacteria to get into the udder. 
2 
The maximum R procedure chose the best five variables to predict 
CMT, WMT, and lactation clinical score (Tables 37, 38, and 39). Variables 
of milk flow accounted for larger variation in udder health measurements 
in older lactations. In the first lactation, measurements of milking 
rate contributed more than measurements of milking time in explaining 
the variation in udder health. High initial rate, average rate, and 
Table 37. Partial regression coefficients of California Mastitis Test on measurements of milk flow 
from corresponding lactations, chosen by maximum r2 procedure 
Independent variables 
Initial 2-min Average Max. Total Time to Perc. 
No. of Lacta- g rate milk rate rate time max. 2-min 
variables tion R Intercept rate milk 
1 1 .040® 2.06 
2 .112 1.88 
3 .146* 1.76 
4 .157 1.77 
5 .159* 1.86 
-.08, 1 .13 .12^ - .002 
1 
2 
3 
4 
5 
056* 1.09 
062 1.23 -.01, 
083* 
092* 
1.15 -.06 
1.27 -.07 
118* 1.39 -.10 
1 3 .091* 1.03 
2 .098* 1.31 
3 .162* 2.17 
4 .179* 
.187* 
2.63 
5 2.66 
.06* 
.04 
-.18' 
-.04 
.05: 
.06; 
.06^ 
.14' 
.09 
.11 
.06 
.14 
.11' 
.18 
.14 
a 
a 
—. 13 
-.or 
-.02^ 
-.02' 
1 
2 
3 
4 
5 
> 4 .104' 
.124^ 
.141^ 
.163" 
.185^ 
1.17 
1.64 
1.50 
1.90 
1.87 -.07 
.12* 
.09% -.01, 
.04 
.osl -.Ol' 
.05, .09% -.22, 
-.09^ .10* -.30' 
.01 
.01 
^Significant at p < .01. 
^Significant at p < .05. 
Table 38. Partial regression coefficients of Wisconsin Mastitis Test on measurements of milk flow 
from corresponding lactations, chosen by maximum procedure 
Independent variables 
Initial 2-min Average Max. Total Time to Perc. 
No. of Lacta­ 9 rate milk rate rate time max. 2-min 
variables tion Intercept rate milk 
1 1 .047* 3.91 .04* 
2 .059 4.69 - .42 .06 
3 . 0 6 3 =  4.69 -  . 6 7 %  .19 .05 
4 .072* 6.89 - .83* .33 -.33 .03. 
5 .075* 6.56 - .91* .34 -.42 
CM 
.04^ 
1 2 .029J 5.41 .04* 
2 . 0 4 5 %  7.25 .42* -1.20% 
3 .050° 6.65 .31 -1.11% .03 
4 .053^ 5.33 .33 -1.20% .55 .04 
5 .054 5.40 .37 -1.15^ -.10 .57 .04 
1 3 .070* 11.37 -2.20® 
2 .095* 15.34 -3.15* 1 b
 
3 .104* 11.97 .60 -.39 -1.66 
4 .115* 14.66 .63 -.33 -2.31% -.05 
5 .115* 15.43 .63 -.33 -.08 -2.33" -.05 
1 > 4 .036^ 12.21 - .99^ 
2 .074* 12.77 .58^ -1.99. 
3 .077% 13.91 .40 -1.75% - .77 
4 .080 15.28 .49 -1.71% -1.14 -.03 
5 .082 15.09 .46 -1.91^ .16 -1.17 -.03 
^Significant at p < .01. 
^Significant at p < .05. 
Table 39. Partial regression coefficients of lactation clinical score on measurements of milk flow 
from corresponding lactations, chosen by maximum procedure 
Independent variables 
Initial Yield Average Max. Total Time to Perc. 
No. of Lacta- g rate 2-min rate rate time max. 2-min 
variables tion R Intercept rate milk 
1 
2 
3 
4 
5 
.024' 
.033' 
.04lf 
.0445 
.045^ 
55.43 
55.10 
56.98 
57.17 
57.12 -.15 
.16 
.18 
.32 
.37 
.48 
.42 
.78 
.62 
.77 
-.04' 
-.06^ 
-.08^ 
-.08' 
-.08^ 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
.023: 
.0335 
.043r 
.049 
.055 
.183' 
.205 
.208^ 
.209® 
.209 
54.17 
53.07 
49.65 
49.47 
49.84 
57.05 
53.32 
53.18 
53.40 
53.35 
-.23: 
-.39% 
-.36 
-.81 
-.58 
- .82  
-.83 
-.83 
-.26, 
-.43^ 
-.23 
.15 
.25 
.27 
.63 
- .09 
.25 
.19 
.18 
1.58 
1.37 
1.09 
1.84 
1.60 
1.72 
1.77 
.07: 
.07' 
1 1 4 .046 54.98 
2 .094* 
.110* 
52.84 
3 54.43 
4 .134* 53.29 
5 .159* 61.53 
-.44 ^ 
-1.29* .58 
-1.41* .93: 
-1.41* 
-1.27* 
.76' 
1.71' 
1.47 
-.64, 
-.95^ 
-.85 -.67 -.09' 
^Significant at p < .01. 
'^Significant at p < .05. 
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maTTimnin rate were associated with low CMT and WMT scores or low incidence 
of mastitis, while high initial rate, 2-min milk, and percent 2-min 
milk were associated with low lactation clinical scores which means 
higher incidence of mastitis. Cows with long milking time increased 
their CMT scores. 
Relationship between udder and teat measurements and lactation milk yield 
There was a negative phenotypic correlation between lactation milk 
yield and height of the udder from the floor (r = -.14, p < .01). This 
correlation stayed significant after adjusting for the effects of genetic 
groups, lactations, and year-seasons (r = -.11, p < .01). The udder 
can get lower because of change in soft tissue; however, lower udders 
are associated with high yield. Negative phenotypic correlation between 
lactation yield and udder height was reported by Moore et al. (1981), 
Burnside et al. (1963), and Tomaszewski and Legates (1972). 
Depth of cleft related negatively to lactation milk yield. The 
gross phenotypic correlation was small but significant (r = -.07, 
p < .05), and after adjusting for the effects of genetic groups, lacta­
tions, and year-seasons was -.09 (p < .05). This indicates that as 
lactation yield increases, the whole udder goes down, and the medial 
suspensory ligament goes down at least as fast as udder floor in front 
of the left rear and right rear teats (where udder height was measured) 
or even faster. 
Distances between teats (teat prints) pre- and postmilking had 
positive phenotypic correlations with lactation milk yield. The gross 
phenotypic correlations were .28 and .19, respectively. The correlations 
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after adjustment for genetic groups, lactations, and year-seasons were 
.30 and .18, respectively. Higher lactation milk yield is associated 
with larger udder size and greater distances between teats. This agrees 
with the results of Donald (1960). 
Positive gross correlations between lactation yield and length of 
left front and right rear teats were estimated. However, after adjusting 
for the effects of genetic groups, lactations, and year-seasons, the 
correlations became insignificant. These results agree with the re­
sults of Moore et al. (1981) who claimed that teat length increases with 
age and that the simple positive relationship between teat length and 
production can be attributed to age effects rather than any attribute 
of the teat itself. 
2 
The maximum R procedure chose the best five variables of udder 
measurements in predicting lactation milk yield (Table 40). Measurement 
of teat prints taken before milking was an important variable in pre­
dicting lactation yield in the first, third and later lactations. Udder 
height contribution in predicting lactation milk yield was not signifi­
cant in the first lactation. As the udder developed from the first to 
the second lactation, the change in udder height with production level 
was more recognizable and udder height became a significant variable in 
predicting lactation milk yield. Length of fore and rear teats were not 
chosen by maximum procedure to be in the model of predicting lacta­
tion milk yield at any lactation. 
Table 40. Partial regression coefficients of lactation milk yield on 
udder and teat measurements from corresponding lactations, 
chosen by maximum procedure 
Independent variables 
Inter- Udder (Udder- (Lowest Depth 
cept height hock) point of 
No. of Lacta- ^ height -hock) cleft 
variables tion R height 
1 1 .102 8079.47 
2 .125 7983.42 
3 .145* 9670.62 -113.33® 
4 .148 14461.68 - 78.14 - 67.56 
5 .151* 13710.18 - 77.57 - 70.64 
1 2 .135* 7485.22 
2 .168* 22876.06 -197.86 
3 .188* 16183.58 -135.32* 
4 .193* 20485.80 -218.50* 94.80 
5 .196* 21642.85 -227.85* 95.91 -128.35 
1 3 .153* 5614.83 , 
2 .176* 14236.74 -145.00 
3 .197* 16140.32 -169.89* , 
4 .218* 19335.93 -196.15 -343.63* 
5 .231* 17172.21 -199.12* -307.09 
1 >4 .109* 7622.88 
2 .111* 5826.44 33.44 
3 .112* 5958.15 30.36 
4 .112 5685.14 27.66 
5 .112 5882.83 26.10 
a 
Significant at p < .01. 
^Significant at p < .05. 
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Independent variables 
Teat prints Teat prints Teat prints Coef. of Coef. of Fore Rear 
premilking postmilking diff. collap, expansion teats teats 
length length 
141.89: 
113.541 
88.55! 
78.49! 
74.06' 
125.06! 
146.95 
153.81® 
153.00 
a 
232.37 
141.87 
68.52! 
66.97® 
61.47 
271.96! 
269.90 
275.30 
278.60® 
152.58 
132.11! 
206.79° 
210.21! 
194.89= 
-109.93 
-128.14! 
-119.50" 581.92 
117.33° 
121.22 
117.65® 
117.12^ 
116.94 
a 
15.73 
13.94 
14.26 
88.43 
147.47 -101.93 
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Relationship between udder and teat measurements and udder health 
Negative gross phenotypic correlations of -.10 (p < .05) and 
-.24 (p < .01) were found between udder height and udder health measured 
by CUT and WMT, respectively (Table 33). The correlation between udder 
height and lactation clinical score was .17 (p < .05). The correlation 
between udder height and WMT, and lactation clinical score stayed 
significant after adjusting for the effects of genetic groups, lacta­
tions, and year-seasons and also after adjusting for these effects and 
the effect of a single PM milking (Tables 34 and 35). Remembering that 
higher lactation clinical score means lower incidence of mastitis, 
the correlations between udder height and mastitis indicate more 
susceptibility to mastitis occurs in the udders that are closer to the 
ground. Low udders are more subject to injury and prone to attacks of 
clinical mastitis. These results agree with the results of Bakken 
(1981), Chyr (1973), and Higgins et al. (1980). 
The only significant correlation the depth of cleft had with mea­
surements of udder health was with CUT (r = -.17, p < .01). This says 
that the deeper the cleft, the less mastitis. Udders with deep clefts 
are not as subject to injury so less mastitis. This correlation 
became small and insignificant after adjusting for the effects of 
genetic groups, lactations and year-seasons. The negative correlation 
between CUT and depth of cleft can be attributed partly to age rather 
than to the depth of cleft per se. 
Small, simple, positive correlations were found between total 
distances between teats and udder health. The correlation between 
teat prints premiIking and CUT was .09 (p < .05). Teat prints post-
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milking had correlations of .13 and .13 (p < .01) with CMT and WMT, 
respectively. These correlations indicate that larger and voluminous 
udders are associated with higher incidence of mastitis. However, these 
correlations became insignificant after adjusting for the effects of 
genetic groups, lactations, and year-seasons. 
Long teats were associated with higher CMT scores. The simple 
correlations between CMT and the length of right front, left front, 
left rear, and left rear were .21, .17, .22, and .15, respectively. 
These correlations were significant at the .01 level. Length of the 
right front teat had a significant positive correlation of .11 (p < .01) 
with WMT after adjusting for the effects of genetic groups, lactations, 
and year-seasons and after adjusting for the effect of a single PM 
milking in addition to the previous effects. The association between 
long teats and elevated somatic cells was reported by Higgins et al. 
(1980). 
2 Results from maximum R procedure to predict CMT, WMT, and lactation 
clinical scores using five variables of udder measurements are in Tables 
41, 42, and 43. Measurements of udder height and depth of cleft had 
significant contribution in predicting CMT scores in the first and 
second lactations, while measurements of udder height and teat length 
were the significant variables in the model to predict CMT. Measure­
ments of udder height were also significant in predicting WMT scores 
and lactation clinical scores in all lactations. The amount of collapse 
in the total distances between teats was included in the model to pre­
dict lactation clinical score in the first lactation and WMT score in 
Table 41. Partial regression coefficients of California Mastitis Test 
on udder and teat measurements from corresponding lactations, 
chosen by maximum procedure 
Independent variables 
Inter- Udder (Udder- (Lowest Depth 
cept height hock point- of 
No. of Lacta- _ height hock) cleft 
variables tion R height 
1 1 .040* 1.83 -.08* 
2 .062* 4.87 -.06* .08* 
3 .086* 4.51 -.05* .07* -.06* 
4 .096* 4.76 -.05* .07 -.06, 
5 .104* 4.52 -.06 .07* -.05% 
1 2 .089* 1.95 -.09* 
2 .104* 1.51 -.09 
3 .122* 3.72 -.03* .02 -.09* 
4 .148 3.44 -.04 .03% -.08* 
5 .168* 3.35 -.04* 1 o
 
00
 
.10 -.08* 
1 3 .031 1.14 
2 .050 1.31 
3 .111! 4.65 -.07' 
4 .119* 4.49 -.06: 
5 .124% 4.09 -.06 
1 _> 4 .183* .17 
2 .208* -.32 
3 .225* -.57 
4 .237* -.30 
5 .256 .95 -.03 
® .07* 
.02 
^Significant at p < .01. 
^Significant at p < .05. 
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Independent variables 
Teat prints Teat prints Teat prints Coef. of Coef. of Fore Rear 
premilking postmilking diff. collap. expansion teats teats 
length length 
.12 
.01 .07 
.07 
.01 
-.01 
-.01 
-.01 .12 
-.01 S 
.01 
.14 
.14 
.16 
.34* 
I 
Table 42. Partial regression coefficients of Wisconsin Mastitis Test 
on udder and teat measurements from corresponding lactations, 
chosen by maximum procedure 
Independent variables 
Inter- Udder (Udder- (Lowest Depth 
cept height hock point- of 
No. of Lacta- g height hock) cleft 
variables tion R height 
1 1 .017* 13.38 -.llf 
2 .033* 24.03 -.32: .23f 
3 .047* 24.67 -.34* .73* -.48 
4 .056* 26.00 -.34* .73* -.46 
5 .068 25.81 -.29 .71 -.49 -.28 
1 2 .104^ 23.41 -.30^ 
2 .120* 24.33 -.28* 
3 .128* 22.67 -.28* 
4 .144* 23.16 -.27* 
5 .147 26.07 -.32 .07 
1 3 .018 15.04 -.14 
2 .034 12.79 -.15 
3 .050 12.85 -.13 
4 .055 16.41 -.17 
5 .058 14.98 -.16 .13 
1 >4 .034* 2.88 
2 .059* 5.08 
3 .089* 20.79 -.38 .22 
4 .108 22.03 -.37* .20* 
5 .114 21.07 -.37 .84 -.63 
a 
Significant at p < .05. 
^Significant at p < .01. 
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Independent variables 
Teat prints Teat prints Teat prints Coef. of Coef. of Fore Rear 
premilking postmilking diff. collap. expansion teats teats 
length length 
-.07 
-.11 
-.15* 
-.16* 
-.15* 
.04 
.04 
.11 
.12 
.12 
-.15 
.13 
.13 
.59 
.73 
.80 
.84 
— . 60 
.45 
1.07* 
l.lf 
- .99 
1.01 
1.32* 
1.39* 
1.50® 
1.55* 
1.66^ 
Table 43. Partial regression coefficients of lactation clinical score 
on udder and teat measurements from corresponding lactations, 
chosen by maximum procedure 
Independent variables 
Inter- Udder (Udder- (Lowest Depth 
cept height hock point- of 
No. of Lacta- ^ height hock) cleft 
variables tion R height) 
1 1 .056* 39.94 .22* 
2 .079* 39.00 .21* 
3 .094* 27.50 '43! -.25: 
4 .100* 25.93 .42* -.25. 
5 .101* 25.62 .44* — .26 
1 1 4 .061* 60.20 
2 .114 45.70 
3 .122* 41.55 
4 .123 40.01 
5 .148* 43.41 .35 -1.28 1.28 
-.07 
1 2 .028^ 43.28 .18 
2 .053* 32.80 .37* -.23% 
3 .061° 27.04 .42* -.22? 
4 .074* 23.67 .44* -.227 .33 
5 .075 23.89 .45 -.22^ .32 
1 3 .059* 44.75 
2 .152* 42.48 .36* 
3 .157 41.02 .36* 
4 .163* 42.65 .38* 
5 .164* 42.98 .37* -.05 
.11 
*Significant at p < .01. 
^Significant at p < .05. 
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Independent variables 
Teat prints Teat prints Teat prints Coef. of Coef. of Fore Rear 
premilking postmilking diff. collap. expansion teats teats 
length length 
:S: .36 .33 
.06 
.09 
.09 
.07 
.09 
.09 
.16 
.15 
.14 
.05 
.06 
.06 
.46 
.47 
- .13 
-1.71 
-1.62^ 
-1.69 
-1.63' 
-1.91' 
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the second lactation. Length of the rear teats was included in the 
model in lactation 4. 
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ST]MM^RY 
Data of milk flow, udder and teat measurements, lactation milk 
yield, California Mastitis Test (CMI), and Wisconsin Mastitis Test 
(WMT) were collected at the Iowa State University Research Farm at 
Ankeny, Iowa. The purposes of this study were to: 
1. Investigate the correlated response in milk flow, udder and 
teat measurements due to selection for milk yield. 
2. Find estimates of heritability and repeatability of milk 
flow, udder and teat measurements. 
3. Examine the relationship among milk flow, udder and teat 
measurements, udder health, and lactation milk yield. 
4. Investigate the relationships of teat-end shape classifica­
tions with udder health, lactation yield, and milk flow. 
The genetic groups included in this study were pedigree selected 
high and low foundation cows and three generations of progeny of high 
and breed average sires. The realized differences in milk production 
due to selection adjusted for the year of calving were 1275, 2525, 2637, 
and 2843 lb. for high minus low foundation cows and progeny of high 
minus breed average sires in the three generations, respectively. 
These differences are higher than expected. 
The high yielders had, on average, a faster rate of milk flow 
than the low yielders. Progeiqr of high sires had a significantly 
higher average rate and maximum rate in generation one; higher initial 
rate, 2-min milk, average rate, and maximum rate in generation two; 
and higher 2-min milk, average rate, and maximum rate in generation 
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three. Adjustment for a single ÎM milking yield has resulted in a 
marked reduction in the variation associated with the differences among 
genetic groups. The effects of lactation number, year-season and the 
random effect, of cow on measurements of milk flow were significant. 
Measurements of milking rate and milking time increased with the 
increase in age. Most of the change happened from lactation one to 
two. 
Estimates of repeatability of measurements of milk flow with ad­
justment for a single PM milking ranged from .23-.47 and without adjust­
ment from .22-.43. Seme gain in repeatability estimate of 2-min milk 
is achieved by adjusting for milking yield. With adjustment for milking 
yield, repeatability estimates of measurements of milk flow were higher 
as the cows got older. Estimates of heritability were obtained from 
paternal half-sibs. Milking rates had estimates of heritability ranging 
from .13-.26 and .13-.23 with and without adjustment for milking yield. 
Total milking time had heritability estimates of .11 and .06 with and 
without adjustment for milking yield. 
Phenotypic and genetic correlations among measurements of milking 
rate were high and positive and between measurements of milking rate 
and total milking time were high and negative with and without adjust­
ment for milking yield. The highest phenotypic and genetic correlation 
between any two measurements of milking rate included the 2-min milk. 
Selection for higher milk yield caused udders to be closer to the 
ground, smaller distances from udder floor to the hock and from the 
lowest point of the udder to the hock, and greater distances between 
teats pre- and postmiIking. Pedigree selected low foundation cows 
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had longer rear teats than pedigree high cows. Variations among cows 
within genetic groups were significant for all udder and teat measure­
ments in this study with and without adjustment for milking yield. 
With advancing age, udders became closer to the ground, distances from 
udder floor to the hock and from the lowest point to the hock were 
smaller and became negative after the second lactation. Older cows 
had greater distances between teats pre- and postmilking. The cleft was 
deeper in the second and the third lactations and had a little shrinkage 
thereafter. Teats became longer with the increase in lactation number 
and the highest increase occurred from the first to the second lacta­
tion. 
Direct measurements of the udder were highly repeatable except 
for the depth of cleft. Calculated coefficients of collapsibility and 
expansion were not as repeatable. Estimates of repeatability and 
heritability for udder measurements were; udder height, .75, .59; udder 
height minus hock height, .52, .57; lowest point minus hock height, 
.40, .52; depth of cleft, .27, .58; total distance between teats pre-
miIking, .64, .54; total distances between teats postmilking, .70, 
.66; fore teats length, .68, .74; and rear teats length, .65, .66. 
Adjusting for the level of production at a single PM milking did not 
change repeatability and heritability estimates much. 
Fhenotypic and genetic correlations among measurements of udder 
height, between teat prints pre- and postmilking, between measurements 
of udder collapsibility and between length of rear and fore teats were 
high and positive. Measurements of udder height correlated negatively 
with teat prints pre- and postmilking and positively with coefficients 
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of collapsibility and expansion. Teat prints had high negative genetic 
correlations with coefficients of collapsibility. Teat lengths were 
almost independent of teat prints measures but longer teats were as­
sociated with greater amount of udder collapse. 
Teat ends were generally of one shape in all teats of one cow in a 
lactation. Round and plate teat-end shapes were reasonably repeatable 
(t = .4-.5). Flat-, funnel-, and prolapse-shaped teat ends had re­
peatability estimates of less than .3. Differences in percentages of 
clinical mastitis cases among the shapes of teat end were significant. 
Funnel followed by plate had the highest percentage of clinical mastitis 
cases in the first lactation, the rear quarters, and across lactations, 
genetic groups, and udder quarters. Percentages of clinical mastitis 
cases did not increase with the increase in lactation number for each 
shape of teat ends. For each shape of teat ends, the genetic group 
of high foundation cows and progeny of high sires had higher percentages 
of clinical mastitis cases than low cows and progeny of breed average 
sires. Differences were significant only in the round and flat 
shapes of teat ends. Phenotypic correlations show that round teat 
ends were associated with slower rate of milk flow while plate shape 
was associated with faster rate of milk flow. 
Positive simple phenotyplc correlations were found between all 
measurements of milk flow and lactation production. Initial rate, 
2-min milk, average rate, and total time stayed positively correlated 
with lactation yield after adjusting for the fixed effects of genetic 
groups, lactations, year-seasons, and a single PM milking yield. Faster 
milkers had higher incidences of mastitis. With adjustment for the 
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fixed effects, initial rate, 2-iniii milk, and maximum rate were positively 
correlated to WMT scores. Initial rate, 2-min milk, average rate, and 
maximum rate of milk flow had significant negative simple correlations 
with lactation clinical score which means higher incidences of mastitis. 
These correlations stayed significant after adjustment for the fixed 
effects. 
Lactation milk yield had negative simple correlations of -.14 and 
-.07 with udder height and depth of cleft and positive correlations 
of .28 and .19 with teat prints pre- and postmilking. These correla­
tions stayed significant with adjustment for the effects of genetic 
groups, lactations, and year-seasons. Udder height related negatively 
to CUT and WMT scores and positively to lactation clinical score indicating 
more susceptibility to mastitis as udders became closer to the ground. 
Depth of cleft had significant negative correlations of -.17 with CMT 
scores. Udders with deep clefts are not as subject to injury so less 
mastitis. Teat prints premilking had a positive correlation of .09 
with CMT scores, while teat prints postmilking had correlations of .13 
with both CMT and WMT scores. Simple significant (p < .01) correlations 
between CMT scores and the length of right front, left front, right rear 
and left rear were .27, .17, .22 and .15, respectively. 
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Table 44. Frequencies and percentages of the different lactations of 
the lowest point of the udder 
RF RR LF LR None 
In front of 34 448 38 431 
(2.48)* (32.70) (2.77) (31.46) 
In back of 79 169 51 116 — 
(5.77) (12.34) (3.72) (8.47) 
In the middle 1 1 — 1 1 
(0.07) (0.07) (0.07) (0.07) 
^( ) = Percentages. 
Table 45. The means and standard errors of udder across all generations and teat measurements by 
lactations within the genetic group of low foundation cows and progeny of breed average 
sires 
Lactation 
1 2 3 >4 
Udder height PremlIking 
Height of cleft 61.95 + 4.44 58.01 + 3.25 53.95 + 6.75 49.51 + 
Udder height 59.06 + 4.1 54.38 + 3.52 50.46 + 6.48 46.10 + 
Depth of cleft 2.84 + 1.77 3.65 + 1.48 3.56 ± 2.09 3.42 + 
Lowest point 58.21 ± 4.08 53.59 + 3.5 49.71 + 6.45 44.74 ± 
Teat prints PremiIking 
LF to LRS 12.28 ± 2.38 14.82 + 2.8 15.48 + 3.18 16.25 + 
RF to RRb 12.22 ± 3.14 14.33 + 2.83 15.36 + 3.25 15.95 + 
LR to RR 11.40 + 3.17 12.78 ± 4.04 13.08 + 4.37 14.77 + 
LF to RF 20.10 + 3.62 22.52 + 4.25 23.17 + 4.88 24.80 ± 
Teat prints Postmilking 
LF to LR 9.43 + 1.94 11.35 + 2.07 12.23 + 3.1 12.75 + 
RF to E(R 9.48 + 1.99 11.13++ 2.27 11.68 ± 2.66 12.35 + 
LR to RR 7.61 + 3.0 8.24 ± 3.26 8.93 + 3.07 10.24 + 
LF to RF 15.77 + 3.49 17.28 ± 3.34 17.96 + 3.97 19.19 + 
Teat length PremlIking 
RF 5.17 ± 1.0 5.49 + 1.04 5.48 + 1.16 5.76 ± 
RR 4.38 + 0.79 4.72 + 0.82 4.70 + 0.85 5.02 + 
LF 5.29 + 1.0 5.60 + 0.90 5.49 + 1.1 5.66 + 
LR 4.41 + 0.86 4.69 + 0.81 4.79 + 1.05 4.97 ± 
3.48 
3.65 
1.67 
2 .66  
4.13 
0.86  
0.94 
0.77 
LF = left front; LR = left rear. 
RF = right front; RR = right rear. 
Table 46. The means and standard errors of udder across all generations and teat measurements by 
lactations within the genetic group of high foundation cows and progeny of high sires 
Lactation 
1 2 3 4 
Udder height PremlIking 
Height of cleft 60.13 + 4.66 54.33 + 7.15 51.09 + 7.22 47.41 + 5.67 
Udder height 57.01 + 4.40 50.94 + 6.64 47.81 + 6.88 44.32 + 5,15 
Depth of cleft 3.12 + 1.38 3.38 + 2 3.33 + 1.54 3.23 + 2.31 
Lowest point 56.19 + 4.47 50.03 ± 6.62 46.87 + 7.06 43.55 ± 5.42 
Teat prints PremlIking 
LF to LR® 13.01 ± 2.55 15.58 ± 3.04 16.28 ± 3.52 17.60 + 2.79 
RF to BBP 12.73 ± 2.46 15.29 ± 3.13 15.96 ± 3.38 17.29 + 2.85 
LR to RR 11.69 + 3.10 13.29 + 4.55 13.76 + 5.09 15.78 + 4.46 
LF to RF 21,03 + 3.59 23.66 ± 4.59 23.30 + 4.90 25.14 + 4.87 
Teat prints FostmlIking 
LF to LR 10.28 + 1.88 12.05 + 2.43 12.75 + 2.67 13.77 + 2,39 
RF to RR 10.07 + 1.97 11.92 ± 2.43 12,47 + 2.46 13.64 + 2.33 
LR to RR 7.80 + 2.89 9.12 ± 4.16 9.64 + 4.38 11.06 + 4.96 
LF to RF 16.49 + 3.35 18.46 + 4.20 18.76 + 4.31 20.27 ± 3.82 
Teat length PremlIking 
RF 5.00 + 0.98 5.45 + 1.14 5.59 + 1.25 5.74 + 1.10 
RR 4.24 ± 0.84 4,60 ± 0.95 4.82 + 1.01 5.00 + 0.89 
LF 5.05 + 0.94 5.46 ± 1.10 5.49 + 1.16 5.77 + 1,0 
LR 4.19 ± 0.86 4.61 + 0.99 4.78 ± 1.08 4.91 + 0.83 
^LF = left front; LR = left rear, 
^RF = right front; RR = right rear. 
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731 
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741 
742 
751 
752 
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762 
771 
772 
781 
782 
791 
792 
801 
802 
811 
812 
The best linear unbiased estimators of year-seasons in 
Model I, for measurements of milk flow without adjustment 
for a single PM milking yield 
Initial rate 2-min milk Average rate 
Est. S.E. Est. S.E. Est. S.E. 
3.47 .52 
4.49 .33 
3.46 .34 
4.20 .30 
3.56 .36 
2.46 .33 
.50 .23 
.17 .21 
.47 .19 
.01 .18 
- .49 .18 
-1.14 .17 
- .45 .17 
- .70 .15 
-1.44 .17 
- .88 .18 
- .38 .18 
- .90 .19 
-2.73 .25 
-1.75 .19 
-1.66 .22 
-1.79 .23 
-2.72 .24 
-2.67 .31 
-3.06 .33 
5.44 .84 
5.63 .54 
4.99 .55 
5.56 .49 
5.10 .59 
3.71 .53 
1.38 .37 
.30 .33 
.96 .31 
.11 .29 
- .15 .29 
-1.26 .28 
- .41 .28 
- .48 .24 
-1.60 .27 
-1.10 .29 
- .64 .30 
-1.51 .31 
-3.85 .40 
-2.78 .31 
-2.73 .36 
-3.20 .38 
-4.21 .40 
-4.46 .51 
-4.81 .55 
1.68 .24 
1.38 .15 
1.55 .16 
1.21 .14 
1.51 .17 
.60 .16 
.04 .11 
- .29 .10 
.22 .09 
.03 .09 
- .17 .09 
- .77 .08 
- .03 .08 
- .34 .07 
-1.00 .08 
- .43 .08 
- .45 .09 
- .44 .09 
- . 86 .12 
- .55 .09 
- .41 .10 
- .27 .11 
- .55 .11 
- .56 .14 
-1.12 .15 
186 
Time to max. Perc. 2-min 
Total time Max. rate rate milk 
Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
- .87 .28 .14 .16 -.19 .13 8.59 3.19 
- .79 .17 2.24 .56 -.35 .08 11.78 2.09 
- .89 .18 3.12 .35 -.23 .09 9.31 2.11 
- .75 .16 2.05 .36 -.33 .08 16.09 1.89 
-1.22 .19 2.54 .32 -.35 .09 15.30 2.21 
- .53 .18 1.86 .39 -.29 .09 13.53 1.98 
.10 .12 .99 .36 .03 .06 .72 1.40 
.10 .11 .20 .25 .00 .05 3.81 1.26 
- .39 .10 - .24 .22 -.08 .05 3.40 1.16 
- .45 .10 .16 .21 -.02 .05 3.14 1.09 
.03 .10 - .34 .20 .04 .05 - 1.42 1.07 
.36 .10 - .29 .20 .03 .05 - 1.07 1.04 
- .05 .10 - .58 .19 .04 .05 - 3.21 1.04 
.63 .08 - .20 .19 .11 .04 - 4.71 .89 
1.40 .09 .22 .16 .10 .04 - 6.49 1.02 
.36 .10 - .36 .19 -.03 .05 - 3.11 1.08 
.30 .10 - .38 .19 -.07 .05 .64 1.13 
.25 .10 - .19 .20 .01 .05 - 2.71 1.19 
.22 .13 - .82 .21 .30 .06 - 7.70 1.52 
.42 .10 - .96 .27 .12 .05 - 7.35 1.21 
.38 .11 -1.13 .20 .11 .05 - 8.03 1.40 
.54 .12 -1.09 .23 .29 .06 -12.34 1.49 
.56 .12 -1.31 .24 .41 .06 -13.09 1.57 
- .02 .16 -1.25 .25 .34 .08 - 8.95 1.97 
.31 .17 -1.97 .33 .03 .08 - 6.10 2.12 
691 
692 
701 
702 
711 
721 
722 
731 
732 
741 
742 
751 
752 
761 
762 
771 
772 
781 
782 
791 
792 
801 
802 
811 
A l ?  
The best linear unbiased estimators of year-seasons in 
Model I, for measurements of milk flow with adjustment for 
a single PM milking yield 
Initial rate 2-iDin milk Average rate 
Est. S.E. Est. S.E. Est. S.E. 
2.11 ;45 2.40 .62 1.04 .17 
3.47 .29 3.33 .41 .92 .11 
2.42 .29 2.65 .41 1.05 .11 
3.41 .26 3.83 .37 .85 .10 
2.96 .3f^ 3.69 .43 1.26 .12 
2.07 .28 2.82 .38 .44 .11 
.20 . .20 .67 .27 - .08 .08 
.32 .18 .56 .24 - .13 .07 
.42 .16 .84 .22 .23 .06 
• .24 .15 .57 .21 .20 .06 
- .41 .15 .04 .21 - .10 .06 
- .69 .15 - .32 .20 - .48 .06 
- .43 .15 - .36 .20 - .03 .06 
- .76 .13 - .66 .17 - .42 .05 
-1.30 .15 -1.28 .20 - .95 .06 
- .66 .15 - .63 .21 - .34 .06 
- .05 .16 .06 .22 - .30 .06 
- .58 .17 - .85 .23 - .33 .06 
-1.98 .21 -2.18 .30 - .45 .08 
-1.38 .17 -1.93 .24 - .42 .06 
-1.37 .19 -1.96 .27 - .34 .07 
-1.73 .20 -2.86 .29 - .36 .07 
-2.42 .21 -3.41 .31 - .49 .08 
-1.96 .27 -2.84 .39 - .25 .10 
-1.91 .29 -2.18 .42 - .52 .11 
188 
Time to max. Perc. 2-•min 
Total time Max. rate rate milk 
Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
-1.21 .25 1.22 .49 -.16 .13 10.85 3.06 
-1.08 .16 2.39 .31 -.33 .08 14.20 2.02 
-1.20 .16 1.24 .31 -.21 .09 11.47 2.04 
-1.02 .14 2.01 .28 -.32 .08 18.69 1.83 
-1.39 .17 1.41 .34 -.32 .09 16.39 2.12 
- .64 .16 .76 '.31 -.29 .09 15.09 1.89 
.05 .11 .00 .21 .03 .06 1.80 1.34 
.25 .10 .02 .19 .02 .05 3.71 1.20 
- .39 .09 .20 .18 -.09 .05 4.26 1.10 
- .33 .09 - . 06 .17 -.01 .05 3.13 1.03 
.06 .09 - .13 .17 .04 .05 - .62 1.02 
.57 .08 - .12 .17 .03 , .05 - 1.50 .99 
- .10 .08 - .16 .17 .02 .05 - 2.00 .99 
.57 .07 .06 .14 .08 .04 - 3.89 .86 
1.40 .08 - .25 .16 .08 .04 - 5.93 .97 
.39 .09 - .25 .17 -.05 .05 - 2.93 1.03 
.40 .09 .00 .17 -.08 .05 - .32 1.08 
.33 .09 - .69 .18 .00 .05 - 3.88 1.14 
.52 .12 - .33 .23 .30 .06 - 9.98 1.46 
.52 .09 - .94 .17 .11 .05 - 8.90 1.16 
.37 .10 - .91 .20 .09 .05 - 8.49 1.35 
.40 .11 -1.34 .21 .26 .06 -12.21 1.44 
.57 .11 -1.16 .22 .40 .06 -14.84 1.52 
.23 .15 -1.58 .29 .34 .08 -12.79 1.90 
.74 .16 -1.40 .31 .07 .08 -11.30 2.05 
Table 49. The best linear unbiased estimators of year-seasons in Model 
II, for udder and teat measurements without adjustment for 
a single EM milking yield 
Udder Depth of Teat prints Teat prints Teat prints 
Year- height cleft premilking postmiIking diff. 
season Est. S.E. Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
691 1.77 .80 1.07 .37 -2.65 1.89 -1.61 1.65 -1.02 1.30 
692 2.22 .66 .62 .31 -5.82 1.56 -4.69 1.36 - .56 1.06 
701 1.16 .69 2.42 .33 -2.04 1.64 -2.95 1.43 .15 1.14 
702 1.87 .60 1.52 .29 -1.51 1.42 -2.21 1.24 .84 1.03 
711 1.20 .58 - .07 .28 -1.73 1.38 -1.83 1.20 - .36 .99 
712 1.39 .52 - .28 .26 -2.69 1.26 -3.83 1.09 1.05 .93 
721 .47 .50 .48 .26 -3.65 1.22 -2.65 1.05 -1.05 .90 
722 .66 .42 .32 .22 -2.29 1.03 -3.78 .88 1.09 .78 
731 1.08 .43 .20 .22 -7.00 1.05 -5.00 .90 -1.92 .79 
732 1.14 .34 - .04 .18 -2.64 .85 -2.24 .73 - .36 .65 
741 - .58 .71 1.30 .36 -1.59 1.73 -1.90 1.49 .28 1.29 
742 .32 .40 .08 .22 - .43 1.01 ,15 .86 -1.18 .80 
751 1.78 .66 -1.24 .36 -6.41 1.64 -3.35 1.39 -1.93 1.28 
752 .58 .36 - .77 .19 .39 .89 -1.14 .76 1.24 .70 
761 .17 .45 - .76 .24 - .87 1.12 - .23 .95 - .21 .86 
762 - .24 .36 - .88 .19 2.95 .88 1.85 .75 .82 .66 
771 - .95 .35 - .77 .18 1.47 .85 2.19 .73 - .92 .62 
772 - .50 .36 - .59 .17 2.56 .87 2.45 .75 .13 .61 
781 - .96 .39 - .55 .18 3.55 .91 2.90 .80 .63 .63 
782 - .61 .41 - .57 .19 2.93 .96 2.40 .84 .52 .65 
791 -1.69 .45 - .52 .20 2.80 1.04 2.83 .91 .27 .69 
792 -1.97 .46 - .34 .19 7.00 1.04 5.39 .92 1.34 .65 
801 -2.72 .50 .07 .20 6.99 1.12 6.21 1.00 1.22 .68 
802 -2.29 .53 - .33 .20 5.52 1.17 4.93 1.06 .58 .69 
811 -3.30 .82 - .39 .35 5.17 1.89 6.14 1.67 - .63 1.21 
190 
(Udder- (Lowest Fore Rear 
Coef. of Coef. of hock) point-hock) teats teats 
collap. expansion height height length length 
Est. S.E. Est. S.E. Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
-.0124 .0184 -.0298 .0305 -1.30 1.06 - .38 1.17 -.52 .19 -.19 .16 
.0001 .0150 -.0018 -0250 .36 .87 .97 .96 -.50 .15 -.33 .13 
.0114 .0161 .0209 .0267 - .87 .92 - .72 1.02 -.19 .16 .03 .14 
.0117 .0144 .0167 .0239 - .04 .81 - « 08 .91 -.14 .14 -.17 .12 
.0020 .0139 .0008 .0230 -1.34 .79 -1.55 .88 -.03 .14 .04 .12 
.0156 .0130 .0228 .0214 - .37 .72 -2.45 .81 -.02 .12 -.05 .11 
-.0079 .0126 -.0073 .0209 - .26 .70 - .46 .79 .00 .12 -.02 .10 
.0224 .0109 .0427 .0179 .35 .60 .12 .67 -.43 .10 -.19 .09 
-.0094 .0110 -.0146 .0181 .53 .61 .49 .68 -.47 .10 -.34 .09 
.0020 .0090 .0051 .0148 .79 .49 .62 .56 -.45 .08 -.34 .07 
.0158 .0180 .0317 .0297 - .02 1.00 .23 1.12 -.50 .17 -.36 .15 
-.0181 .0111 -.0002 .0182 2.01 .60 2.52 .68 -.39 .10 -.44 .08 
-.0135 .0178 -.0286 .0292 1.54 .96 1.35 1.10 -.11 .16 -.04 .14 
.0179 .0097 .0364 .0159 .91 .52 .97 .60 .06 .09 .01 .07 
-.0011 .0120 -.0085 .0197 .64 .65 .64 .74 .28 .11 .13 .09 
.0072 .0093 .0114 .0153 - .55 .51 - .30 .58 .32 .09 .23 .07 
-.0172 .0087 -.0313 .0144 .40 .49 .15 .55 .49 .08 .37 .07 
-.0033 .0086 -.0040 .0143 .35 .49 .55 .55 .48 .08 .37 .07 
.0021 .0089 .0020 .0147 .35 .51 .52 .57 .40 .09 .45 .08 
..0009 .0092 -.0011 .0154 .27 .54 .56 .59 .44 .09 .39 .08 
.0009 .0097 .0020 .0162 .40 .57 .85 .63 .27 .10 .13 .09 
.0051 .0093 .0039 .0156 - .55 .57 - .52 .61 .44 .10 .21 .09 
-.0028 .0098 -.0029 .0165 - .73 .61 - .70 .65 .37 .11 .25 .10 
-.0069 .0099 -.0182 .0168 -1.32 .63 -1.45 .66 .04 .12 -.11 .10 
-.0225 .0173 -.0482 .0289 -1.55 1.04 -1.95 1.13 .17 .19 -.03 .16 
Table 50. The best linear unbiased estimators of year-seasons in Model 
11, for udder and teat measurements with adjustment for 
a single PM milking yield 
Udder Depth of Teat prints Teat prints Teat prints 
Year- height cleft premiIking postmiIking diff. 
season Est. S.E. Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
691 1.29 .80 .98 .38 -2.06 1.74 -1.44 1.65 - .43 1.21 
692 1.96 .66 .57 .31 -5.76 1.42 -4.61 1.35 - .70 .98 
701 .91 .69 2.35 .33 -1.59 1.50 -2.91 1.42 1.04 1.06 
702 2.04 .59 1.50 .29 -2.99 1.29 -2.80 1.22 .11 .96 
711 .93 .57 - .10 .28 - .85 1.26 -1.52 1.19 .62 .93 
712 1.38 .52 - .30 .26 -3.48 1.14 -4.16 1.07 .55 .87 
721 .40 .50 .46 .26 -3.37 1.11 -2.50 1.04 - .70 .84 
722 .58 .42 .30 .22 -2.15 .93 -3.72 .87 1.16 .73 
731 .55 .43 .23 .23 -4.18 .96 -3.91 .90 - .16 .75 
732 1.18 .34 - .04 .18 -2.64 .76 -2.18 .72 .34 .61 
741 - .58 .70 1.29 .36 -1.79 1.56 -1.91 1.47 .15 1.20 
742 .37 .40 .13 .22 - .23 .91 .22 .85 -1.09 .75 
751 1.42 .65 -1.16 .36 -4.09 1.48 -2.29 1.38 - .73 1.20 
752 .73 .35 - .75 .20 .21 .80 -1.16 .75 .99 .65 
761 .21 .45 - .76 .24 - .83 1.01 - .22 .95 - .33 .81 
762 .05 .36 - .88 .19 1.84 .80 1.48 .75 .22 .62 
771 - .84 .35 - .74 .18 1.62 .77 2.27 .73 - .82 .58 
772 - .28 .36 - .57 .18 2.14 .79 2.29 .75 - .18 .57 
781 - .90 .38 - .53 .18 3.90 .83 3.10 .79 .59 .58 
782 - .48 .41 - .58 .19 2.48 .88 2.18 .83 .15 .60 
791 -1.54 .44 - ,52 .20 2.66 .94 2.75 .90 .05 .63 
792 -1.62 .46 - .30 .20 5.12 .96 4.54 .93 .07 .62 
801 -2.43 .49 .11 .20 5.70 1.03 5.66 .99 .21 .63 
802 -1.98 .52 - .31 .21 4.19 1.08 4.33 1.05 - .15 .64 
811 -3.35 .81 - .38 .35 6.15 1.73 6.49 1.65 - .28 1.12 
192 
(Udder- (Lowest Fore Rear 
Coef. of Coef. of bock) point-hock) teats teats 
COllâD. expansion height height length length 
Est. S.E. Est. S.E. Est. S.E. Est. S.E. Est. S.E. Est. S.E. 
-.0058 .0179 -.0198 .0298 -1.92 1 .06 - .98 1.16 - .46 .19 -.15 .16 
-.0016 .0146 -.0043 .0243 - .02 .86 .60 .95 -.45 .15 -.31 .13 
.0224 .0156 .0374 .0260 -1.15 .92 - .96 1.01 -.14 .16 .07 .14 
.0038 .0140 .0036 .0232 .11 .80 .13 .89 -.16 .14 -.21 .12 
.0102 .0136 .0137 .0224 -1.94 .78 -2.17 .87 .00 . .14 .05 .12 
.0113 .0126 .0159 .0208 - .37 .71 -2.34 .80 -.02 .12 -.06 .11 
-.0065 .0123 -.0050 .0202 - .40 .69 - .72 .78 .03 .12 .00 .10 
.0220 .0105 .0428 .0173 .20 .59 - .04 .66 -.41 .10 -.17 .09 
.0073 .0109 .0137 .0179 - .23 .61 - .29 .69 -.38 .10 -.26 .09 
.0010 .0088 .0031 .0144 .79 .49 .56 .55 - .46 .08 -.35 .07 
.0130 .0174 .0269 .0288 - ,06 .98 .16 1.11 -.50 .17 -.36 .15 
-.0173 .0108 .0014 .0178 2.01 .59 2.50 .67 -.40 .10 - .44 .08 
-.0030 .0174 -.0113 .0285 1.04 .95 .78 1.09 -.09 .16 -.01 .14 
.0153 .0094 .0326 .0155 1.18 .52 1.21 .59 .04 .09 .00 .07 
-.0011 .0117 -.0085 .0192 .69 .65 .70 .74 .29 .11 .15 .09 
.0021 .0090 .0024 .0149 - .16 .51 .07 .57 .28 .09 .20 .07 
-.0177 .0085 -.0316 .0140 .46 .48 .16 .54 .48 .08 .36 .07 
-.0070 .0084 -.0095 .0139 .69 .49 .85 .54 .45 .09 .35 .07 
.0011 .0086 .0009 .0143 .44 .51 .57 .56 .39 .09 .46 .08 
-.0023 .0089 -.0062 .0149 .47 .53 .78 .58 .41 .09 .36 .08 
-.0014 .0094 -.0015 .0157 .62 .56 1.09 .62 .24 .10 .13 .09 
-.0044 .0092 -.0123 .0155 .01 .57 .18 .61 .37 .10 .15 .09 
-.0113 .0095 -.0167 .0160 - .20 .60 - .10 .64 .33 .11 .21 .10 
-.0120 .0096 -.0274 .0163 - .78 .62 - .85 .65 -.01 .12 -.14 .10 
-.0179 .0167 -.0403 .0279 -1.48 1.02 -1.86 1-10 .17 .19 -.01 .16 
